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GASTEROSTOMES (TREMATODA) OF TORTUGAS, FLORIDA 


This paper is a report on the gasterostomatous trematodes collected 

by the author at the Marine Biological Laboratory cf the Carnegie In- 
stitution of Washington at Tortugas, Florida during thesummers of 1930, 
1931, and 19382. Included among the 15 species are 3 species described 
in an earlier publication (Manter, 1934) from deep-water fishes. Lin- 
ton (1910, pp. 79-81) reported 4 "Gasterostomum sp." from Tortugas. 
While his descriptions are incomplete, all the species with which he was 
dealing are thought to be represented in the present collection and are 
identified as follows. Linton's first "Gasterostomm sp." is Dollfus- 
trema gravidum, his second and third are Prosorhynchus atlanticus, and 
his fourth is a mixture of Bucephalopsis dolichoon and B. arcuatus (Lin- 
ton). Not included in this paper is the immature Dolichoenterum sp. re- 
ported from Citharichthys cornutus by Manter (1994, p. 271). 
Of these 15 species of gasterostome, 9 are considered new, although 3 
of these 9 were partially indicated (but unnamed) by Linton (1910). Two 
species (Bucephaius varicus and Prosorhynchus ozak11) are known from the 
tropical American Pacific, and 2 (Rhipidocotyle baculum and Bucephalop-— 
Sis arcuatus) are known from Reaufort, North Carolina. Bucephalopsis 
arcuatus is also known from Woods Hole, Massachusetts. , 

No general account of the Gasterostomata will be attempted here. Sev- 
eral recent reviews of this group are available (Nagaty, 1987; Eckmann, 
1932; Verma, 1936; Manter, 1940). 

All measurements in this paper are in millimeters unless microns are 
indicated. 

Type specimens are deposited in the United States National Museum. 


GASTEROSTOMATA Odhner, 1905 
BUCEPHALIDAE Poche, 1907 
Bucephalus varicus Manter, 1940 


Synonyn. B. polymorphus Nagaty, 1937 
Hosts. Caranx bartholomaet Cuv. & Val. (in 1 of 2) 
rae C. latus Agassiz (in i of 6) 
C. ruber (Bloch) (in 5 of 6) 
Location. Stomach and intestine 


The above records were reported by the author (Manter, 1940, p. 335), 
who collected the same species from Caranx species in the Pacific. 
; 3 
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Bucephalus priacanthi, 11. sp. 
(Figures 1, 2) 


Host. Priacanthus arenatus (Lacepede) 
Location. Intestine 
Frequency. 7 to 10 specimens from i of 3 hosts 


Diagnosis. Body elongate, tapering anteriorly, broadly rounded pos- 
teriorly, widest near posterior end, length 1.020 to 1.215, width 0.210 
to 0.285. Anterior sucker with 7 large tentacles (extended in all syec- 
imens collected), each with a large basal process or prong and near it 
a smaller, more distal prong (fig. 2). Ina1.080-long specimen, a ten- 
tacle with recurved tip measured 0.094 over all and 0.043 from base to 
basal prong. Mouthnear or slightly posterior to midbody, opposite ovarv 
or anterior testis; pharynx usually longer than wide, 34 to 60 microns 
long, 41 to 58 microns wide; intestine saclike, extending slightly an- 
terior and posterior to pharynx. Gonads Jarge, tandem, close together. 
Ovary subtriangular, pretesticular, about in midbody, opposite pharynx. 
Vitelline follicles in two separate, lateral groups extending from lev- 
el of ovary halfway or more to anterior end, partly covered by uterus. 
Vitelline ducts uniting near anterior border of posterior testis. Uter- 
us extending anteriorly almost to base of anterior sucker, filling most 
of body, extending posterior to genital pore. Fgys yellow, 17 to 19 by 
10 to 12 microns. 

Testes large, globular, tandem or slightly diagonal, close together. 
Cirrus sac overlapping posterior testis. Genital pore near posterior 
end of body. Excretory vesicle extending to base of anterior sucker. 

Measurements of type specimen (fig. 1) are: length, 1.110; width, 
0.285; diameter of anterior sucker, 0.900; mouth to anterior end, 0.562; 
diaaeter of pharynx, 0.060; cirrus sac, 0.300 by 0.085. 

Comparisons. This species is most similar to 8. varicus, with whick 
it may possibly be identical. Difficulties of comparison arise from the 
variations observed in B. varicus. Pucephalus priacanthi (judging from 
agreements in 7 specimens) has a different shape, being wider and iore 
broadly rounded posteriorly; the uterus extends farther anteriorly, 
reaching either toor alinost to the anterior sucker; the excretory vesi- 
cle reackes to the anterior sucker, and the tentacles are relatively 
larger than in the B. varicus collected from either the Atlantic or the 
Pacific. It differs from Nagaty's specinens of B. varicus instill more 
marked anterior exteit of the uterus. 
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Bucephalus scorpaenae, n. sp. 
(Figures 3, 5) 


Host. Scorpaena plumiert Bloch 
Location. Intestine and ceca 
Frequency. Present in 3 of 38 hosts examined 


Diagnosis (based on a study of 29 specimens). Body more or less cy- 
lindrical; when extended the length is 7or8 times the width, when con- 
tracted the width is about 4 times the length. Measurements on 7 speci- 
mens are: length 2.065 to 2.792 by 0.3800 to 0.337. Another somewhat 
contracted specimen measured 1.685 by 0.435. Anterior sucker (fig. 4) 
0.150 to 0.165 in diameter with 7 conspicuous, similar tentacles, each 
with a single basal prong. Dorsal wall of sucker somewhat vesicular, 
probably glandular. Pharynx either at midbody or slightly anterior or 
posterior to midbody. Intestine short, extending posterior to pharynx. 
Gonads approximately tandem, to the right, inmediately posterior to in- 
testine. Ovary globular, close toorpartly overlapping intestine, pre- 
testicular. Vitelline follicles spherical, arranged in two almost lin- 
ear lateral rows extending from level of pharynx just about halfway to 
anterior end of body; i2toi6 follicles on each side; yolk duct extends 
backward to near posterior testis, then, forming aloop, bends anterior- 
ly to be joined by the other duct, the common yolk duct entering oviduct 
between ovary and testes. Uterus extending backward to posterior testis, 
then forward well anterior to vitellaria but not to anterior sucker, then 
backward to genital atrium. Eggs yellow-brown, broadly rounded at one 
end, 19 to 22 by 18 to 15 microns. 

Testes globular, close together, anterior testis usually separated 
from ovary by a short space. Cirrus sac rather slender, to the left, 
overlapping posterior testis, containing an elongate-oval seminal vesi- 
cle, prostate gland, and male tube. Three regions of about equal length 
can be seeninthe male tube: a basal region of the pars prostatica with 
tall, narrow cells; amedian region of thepars prostatica with papillae; 
and a smooth-walled ejaculatory duct. Genital atrium (fig. 5) large, 
somewhat wider than cirrus sac, with rounded dorsal genital lobe with 
nipple-shaped prolongation. Uterus connected with genital atrium by a 
narrow thin-walled tube surrounded by gland cells. This tube (which 
may be called the uterine tube) enters the atrium dorsally close to but 
not at its anterior border. Atrium connected to genital pore by a short 
atrial duct. Genital pore near posterior end of body, ventral or sub- 
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ventral. Excretory pore terminal, dorsal to genital pore. Exeretory 
vesicle extending to near the anterior limit of the uterus, rarely extend- 
ing anterior to uterus but not reaching close to anterior sucker. 

The name scorpaenae is for the host. 

Compar:scns. In having a single basal prong onthe tentacle, 3. scor- 
paenae is unlike B. elegans Woodhead and 5. uranoscop1 Yamaguti. It is 
surprisingly similar to 5. polymorphus (Baer) as redescribed by Eckmann, 
1932. It has similar tentacular processes, similar extent of uterus, and 
similar position of mouth and generally of gonads. Bucephalus polymor- 
phus however, is smaller insize (length only 0.8 mm.) and has markedly 
longer eggs (26 by 15 microns as compared with 20 by 14 microns). There 
seem to be other differences, especially in the size and shape of the 
genital atrium and the relative diameter of the testes. Bucephalus scor-— 
paenae differs from 3. priacanthi in less anterior extent of the excre- 
tory vesicle and uterus, in lacking a second tentacular prong, in wider 
genital atrium, and in body shape. A comparison of 29 specimens of 3 
scorpaenae with the 8. varicus of the author (Manter, 1940) shows a num- 
ber of constant differences: the body is considerably larger, the uterus 
never extends posterior to the genital atrium, the tentacles have a sin- 
gle prong, the excretory vesicle only rarely extends anterior to the uter- 
us, the gonads are almost always smaller, and themouth is almost always 
more anterior. The most conspicuous of these differences is the poste- 
rior extent of theuterus. The tendency toward specificity among gaster- 
ostomes suggests a note that the hosts are different. 

Bucephalus scorpaenae seems to be restricted to Scorpaena plumieri. 
While it was collected from each of 3 specimens of this host examined, 
it was not collected from 6 S. agassiz, 5 S. brasiisense, 2 S. grandicor— 
nis, or 2S. inermis. 


Bucephalus kathetostomae (Manter, 1934) Manter, 1940 


Synonym, Rhipidocotyle kathetostomae Manter, 1934 
Host. Kathetostoma albigutta Bean 

Location. Intestine 

Frequency. Present in 2 of 3 hosts examined 


This species is reported by Manter (1934, p. 269) from a depth of 60 
fathoms. 


Rhipidocotyle nagatyi, n. sp. 


(Figure 6) 


Host. Huthynnus alletteratus (Raf.) 
Location, Intestine 
Frequency. Collected from 3 of 3 hosts examined 


“I 
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Diagnosis (based on 9 specimens). Body more or less flattened, widch 
usually about 1/3 length; size 1.598 to 2.241 by 0.487: to 0.675; wid- 
est at about the level of the pharynx somewhat anterior to midbody. Pre. 
oral portion of body not narrowed. Truncate anterior end with a conspic- 
uous, distinctly pentagonal, muscular "hood" or cephalic disc. Disc 
deeply notched at mid-ventral line with a pair of median-ventral lobes 
thickened medianly on the under side. Disc more or less pointed later- 
ally on each side and at amedian dorsal point. Median dorsal lobe with 
an internal strip of granular tissue. Anterior sucker 0.105 to 0.202 in 
diameter. Cephalic disc 0.277 to0.338 in diameter. Pharynx spherical, 
slightly anterior to midbody, 0.105 to 0.133 in diameter. Intestine 
Short, tubelike or inflated, extending posteriorly to overlap anterior 
testis. 

Gouads close together, more or less in line, either almost tandem or 
definitely diagonal. Ovary subglobular, smooth or slightly irregular in 
outline, pretesticular, to the right, posterior to pharynx, lateral to 
intestine. Vitelline follicles large, distinct, more or less lobed or 
irregular in outline, 12 to 18 on each side forming two separated, later- 
al clusters from posterior edge of pharynx somewhat less than halfway to 
anterior sucker. Anterior to pharynx the follicles extend somewhat medi- 
anly but donot meet. Vitelline ducts uniting between testes or lateral 
to anterior testis, in which case one duct runs between testes. Seminal 
receptacle small, postovarian. Coils of uterus chiefly longitudinal, 
not extending anterior to pharynx or posterior to genital atrium. Eggs 
ovoid, broadly rounded at each end, 17 to 27 by 10 to 18 microns. How- 
ever, within any one specimen the size range is small (e.g., 17 to 18 by 
11 to 12 microns; 22 to 25 by 15 to 17 microns; 25 to27 by 17 to 18 mi- 
GPO) 

Testes closely posterior to ovary, slightly or markedly diagonal, ex- 
tended diagonally. Cirrus sac rather slender, reaching anterior to or 
almost to posterior testis, which it may overlap; containing a small 
ovoid seminal vesicle and sinuous pars prostatica. Two genital lobes, 
more or less right and left; the left lobe very much larger, rather ir- 
regular in shape, moreor less filling genital atrium. Genital pore ven- 
tral, ashort distance anterior to posterior end of body. Excretory pore 
terminal; vesicle extending to posterior edge of pharynx. 

The species is named for Professor H. F. Nagaty. 

Comparisons. The pentagonal shape of the cephalic disc without papil- 
lae separates Rk. nagatyi from other species in the genus except fk. pen- 
tagonum. It differs from hk. pentagonum in its wider body, more diagonal 
gonads, less linear arrangement of the vitelline follicles, relatively 
larger pharynx, more longitudinal uterine coils, and deeper median cleft 
of the cephalic dasc. 
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Rhipidocotyle barracudae, n. sp. 
(Figures 7, 8) 


Host. Sphyraena barracuda (Linn.) 

Location. Intestine and ceca 

Frequency. Identified in 2 of 15 hosts examined; frequency 
probably greater 


Diagnosis. Body elongate, 1.207 to 1.782 by 0.240 to 0.547; anterior 
half flat, thin and more narrow, without organs, posterior half plump, 
cylindrical, thick and wide, containing reproductive organs (body form 
similar to that of &. baculum). Anterior sucker slightly wider than 
long, 0.093 to 0.120 in transverse diameter, cephalic disc 0.157 to 0.180 
in diameter, with 5 lobes (2 ventral, 2 lateral, and 1 dorsal); 2 ven- 
tral lobes separated bya broad indentation. Mouth almost always slight- 
ly posterior to midbody (exactly in midbody in 1 specimen); pharynx 
suckerlike, suospherical, large, 0.078 to 0.119 in diameter; esophagus 
extending dorsally and anteriorly; intestine saclike, extending poste- 
riorly (in all of 10 specimens the intestine reached posterior to the 
ovary and in 9 of 10 specimens it reached to or almost to the cirrus 
sac). Gonads contiguous, either tandem or crowded together almost at 
the same level. Ovary to the right, pretesticular, immediately posterior 
to pharynx. Vitelline follicles in two separated clusters extending from 
level of pharynx only a short distance anterior to midbody; usually 12 
to 15 follicles on each side. Uterus not extending anterior to vitel- 
laria, filling most of posterior half of body, extending posterior to 
genital pore; eggs 27 to 31 by 10 to 17 microns. 

Testes tandem or oblique, close together. Cirrus sac 0.352 to 0.435 
long by 0.087 to0.112 wide, overlapping posterior testis, extending to 
the anterior testis; seminal vesicle subspherical; genital atrium rather 
long, genital lobes weak; genital pore near posterior end of body. Ex- 
cretory pore terminal; excretory vesicle extending forward tomiddle of 
vitelline field, not anterior to vitellaria. 

The name barracudae is for the host. 

One specimen was infected by some very minute microorganism filling 
the parenchyma in the pharynx region. 

Comparisons. This species differs from most members of the genus in 
its 5-lobed cephalic disc without papillae. It has abody form similar 
to that of R. baculum, but differs inlarger size and much larger eggs. 
It differs from Rk. pentagonum in more posterior extent of intestine, 
less anterior extent of vitellaria, more anterior extent of excretory 
vesicle anduterus, and larger eggs. It differs from fk. nagatyi in shape 
of body, more posterior vitellaria, broader ventral indentation of disc, 
in lacking markedly longitudinal coils, and in larger eggs. 
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Rhipidocotyle longleyi Manter, 1934 


Host. Hypoclydonia bella Goode & Bean 
Location. Intestine 
Frequency, Present in 5 of 17 hosts examined 


This species is reported by Manter (1934, p. 267) from depths varying 
from 140 to 250 fathoms. 


Rhipidocotyle adbaculum, n. sp. 
(Figures 9-12) 


Fost.  Scomberomorus regalis (Bloch) 
Location. Intestine 
Frequency. Present in 1 of 3 hosts examined 


Diagnosis. Body elongate, 1.215 to 1.620 by 0.2382 to 0.300. Anterior 
sucker 0.090 to 0.120 in diameter, with a conspicuous cephalic disc no- 
ticeably wider than anterior end of body, 0.160 to 0.190 in diameter 
(fig. 10). Dorsal and two ventral lobes.of disc well marked, lateral edges 
rounded. Mouth usually slightly anterior to midbody in 2 specimens; pharynx 
0.041 to0.053 in diameter; intestine short, saclike, extending posteriorly. 

Gonads more or less tandem immediately posterior tomouth. Ovary globu- 
lar, pretesticular, to the right and partly overlapping anterior testis; 
seminal receptacle small; Mehlis' giand just posterior to ovary, opposite 
anterior testis or between testes. Vitelline follicles in two lateral, 
separated groups extending from level of pharynx only ashort distance an- 
teriorly, each group with 12 to17 follicles approaching the other group 
medianiy but not meeting. Uterus filling most of body posterior to mouth 
(in Lof 17 specimens the uterus barely reached beyond themouth, extend- 
ing posterior to genital pore; eggs thin-shelled, 15 to 17 by 9 to 10 
microns. 

Testes globular, tandem or slightly diagonal, in contact ornot far a- 
part. Cirrus sac extending forward to posterior or anterior testis, con— 
taining a subspherical seminal vesicle and a long, straight or slightly 
curved pars prostatica with tall cells; genital atrium with one large and 
a smaller tri-papillated genital lobe; atriumduct muscular, variable in 
length; genital pore ashort distance anterior to posterior end of body. 
Exeretory pore terminal; anterior extent of vesicle not determined. 

The name adbaculun indicates similarity to Rk. baculum. 

Comparisons. kk. adbaculum can be distinguished from Rf. baculum by the 
size and shape of the cephalic disc (figs. 10, 11), which in &. adbacu- 
lum is larger and has a dorsal point. The body is larger and more 
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elongate. Rhipidocotyle adbaculum differs from k. barracudae in more 
Siender body, much smaller pharynx, and much smaller eggs. It differs 
from Rk. nagatyi in body form, in location of vitellaria and pmarynx, and 
in uterine coils. 


Rhipidocotyle baculum (Linton, 1905) Eckmann, 1932 


Synonyms. Gasterostomum baculum Linton, 1905 
Gasterostonum sp» Linton, 1901 from Scomberomorus 
MACULATUS 
Vannoenterum baculum (Linton) 
Host. Scomberomorus regalis ? 
Frequency. Collected once from a single mackerel the identi- 
Pication of which was uneertain 


It seems very possible that this fish was actually Scomberomorus macu— 
Latus. Khiptdocotyle baculum has hitherto been known only from S. macu- 


latus. On the other hand, the only gasterostome previously found in 3 
specimens of S. regalis examined has been RP. adbaculum. 


Bucephalopsis longoviferus, n. sp. 


(Figures 13, 14) 


Synonym. Gasterostonum sp. Linton, 1910, pp. 30-81 (in part) 

Host. Sphyraena barracuda (Linn. ) 

Location. Ceca and intestine 

Frequency. 8 of 15 barracudas examined were infected with gas- 
gasterostomes. Sometimes 3 species of gastero- 
Stome were present in a single fish. Bucepha- 
Lopsts lLongoviferus was collected 4 times but 
because of its small size might have been over- 
looked in other cases. 


Diagnosis, Body flattened; 0.680 to 1.050 by 0.112 to 0.262; greatest 
width (slightly anterior to midbody) about 1/4 length. Anterior sucker 
subcircular, 0.043 to0.051 in transverse diameter. Mouth usually some- 
what posterior tomidbody, but may be almost at midbody, opposite ovary. 
Pharynx 0.036 to 0.041 in diameter; intestine ovoid, saclike, extending 
dorsally and anteriorly. Ovary nearly at midbody level, to the right. 
Vitelline follicles in two lateral, widely separated groups of 11 to 14 
on each side, extending in second fourth of body length. Uterus extend- 
ing anteriorly between vitellaria far forward almost to anterior sucker, 
posteriorly to or beyond the genital atrium. Eggs thin-shelied, elon- 
gate, 26to31 by 8 to 11 microns or approximately three times longer than 
wide. Testes globular, postovarial, oblique, separated by uterus. An- 
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terior testis diagonally posterior to ovary. Cirrus sac elongate, 1/3 
to 1/4 body length, extending beyond posterior testis almost to anterior 
testis; seminal vesicle subspherical to ovoid; pars prostatica long. 
Genital atrium large; ventral genital lobe large, fingerlike; dorsal lobe 
divided into four parts (fig. 14). Genital-pore ventral, inconspicuous, 
near posterior end of body. Excretory pore terminal; vesicle sometimes 
reaching only to mid-cirrus sac level, sometimes to the ovary. 

The name longoviferus is from longovi = long egg and ferus = bearing. 

Comparisons. This species differs from all others in the genus in the 
elongate shape of the egg, which has a width only 1/3 its length. The 
relative extents of the uterus, vitellaria, and cirrus sac will also 
Separate the species from others in the genus. 

Bucephalopsis longoviferus was without doubt represented in the col- 
lections of "Gasterostomum sp." recorded by Linton (1910, pp. 80-81) 
from the barracuda. Linton recognized much diversity inhis collections 
from this host, but his material was insufficient to separate species. 
His figure 2% is evidently 5. longoviferus. 


Bueephalopsis arcuatus (Linton, 1900) Eckmann, 1932 


(Figures 15, 17) 


Synonyms. Gasterostomum arcuatum Linton, 190C 
Gasterostomum sp. Linton, 1910, pp. 80-S8i (in part) 
Host. Sphyraena barracuda (Linn. ) 
Location. Ceca and intestine 
Frequency. Common 


Diagnosis (based on numerous specimens). length 0.667 to 1.444;width 
0.232 to 0.375. In elongated specimens, width about 1/5 length. Ante- 
rior sucker 0.053 toG.066 in diameter. A slight thickening of the body 
at anterior edge of sucker. Mouth about at midbody; pharynx 0.046 to 
0.053; intestine saclike, dorsal and anterior to pharynx. Ovary to the 
right, opposite or slightly posterior to pharynx. Vitelline follicles 
in two lateral, separated, more or less longitudinal rows, 12 to 16 on 
each side, from level of pharynx onlyashort distance anteriorly. Uter- 
us extending anteriorly usually only to anterior edge of ovary, rarely 
to anterior limit of vitellaria; it may but usually does not extend pos- 
terior to genital atrium. Eggs 20 to 22 by 9 to 14 microns. Testes 
tandem or slightly diagonal. close together or slightly separated. Cir- 
us sac elongate, always extending beyond posterior border of posterior 
testis and sometimes reaching to pharynx (thus being at times about 1/2 
body length). Exeretory pore terminal, vesicle extending to pharynx. 

Several specimens had abnormal eggs of all sizes and shapes (fig. 17), 
Some apparently masses of eggshell material empty of embryos. lLinton's 
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(1910, p. 80) comments on unreliability of egg size ingasterostomes are 
probably due partly to such malformed eggs. _ 

Comparisons. Eckmann (1932) could not separate B. pusilla(Staff.) and 
5. arcuatus. More recent figures of the former by Van Cleave and Mueller 
(1984) together with Woodhead's (1930) description show that B. pusilla 
is smaller with larger eggs, andits excretory vesicle extends much far- 
ther forward. 

Bucephalopsis arcuatus was reported from Sarda sarda at Woods Hole by 
Linton (1900) and from Scomberomorus regalis at Beaufort, North Caroli- 
na. The Jatter specimen might not be 8. arcuatus, judging fromits large 
Size and relatively short cirrus sac. 


Prosorhynchus atlanticus, n. sp. 
(Figures 18, 19) 


Synonyms. Gasterostomum sp. Linton, 1910, p. 79, from Myctero- 
perca bonaci 
Gasterostonmum sp. Linton, 1910, p. 8C, from Myctero- 
perca venenosa 
Hosts, Mycteroperca bonaci (Poey), type host 
M. microlepis (Goode & Bean) 
M. venenosa (Linn. ) 
Locatton. Usually in the ceca; sometimes in the stomach; some- 
times in the intestine 
Frequency. Present in 20f5 M. bonaci; in 1 of 1M. microlep- 
4s; in i of 5 M. venenosa 


Diagnosis (based on about 20 specimens). Length0.705 to 1.677; width 
0.200 to 0.300. Anterior end truncate; posterior end tapering and some- 
wnat pointed. Rhynchus large, muscular, cone-shaped; 0.172 to 0.277 long 
by 0.125 to0.210 wide. Mouth slightly anterior to midbody in all spec-— 
imens collected. Pharynx 0.042 to 0.059 in diameter; intestine short, 
Saclike, extending forward. Gonads tandemor slightiy diagonal, more or 
less to the right of midline, about at midbody level, near pharynx. Ova- 
ry pretesticular, globular, to right of pharynx. Vitelline follicles 
large, arranged in two separated lateral groups extending from about 
pharynx level halfway to anterior end of body; 411 te 16 fellicles on 
each side. Yolk ducts uniting between testes. Uterus almost never ex— 
tending anterior to ovary (slightly so in 1 of 29 specimens) and always 
extending posterior to genital pore. Eggs ovoid, thick-shelled, brown, 
a’ to 3 by 14 to 22 microns; average about 30 by 17 microns. 

Testes ovoid, tandem or diagonal (usually diagonal), usually slightly 
Separated. Cirrus sac well developed but usually not extending to pos- 
terior testis, only rarely (in young specimens) extending anterior to 
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posterior testis, with tubular, coiled seminal vesicle. Genital pore 
ventral, a short distance anterior to posterior end of body. Excretory 
pore terminal, vesicle reaching to level of pharynx. 

The name atlanticus is for the locality. 

Comparisons. Prosorhynchus atlanticus ismost similar to P. pacificus 
Manter, 1940, collected from related hosts in the tropical Pacific. It 
differs inlarger egg size (27 to Aby14 to 22 microns as compared with 
24 to 27 by 12 to 17 microns), and the eggshell definitely tends to be 
thicker and darker in color. These differences might be considered sub- 
specific by some. As inthe case of P. pacificus, the large size of the 
rhynchus, the separated vitelline follicles, and the postovarian uterus 
distinguish P. atlanticus from other species. 


Prosorhynchus promicropsi, n. sp. 
(Figures 20-22) 


Host. Promicrops itatara (Lichtenstein) 
Location. Ceca and intestine 
Frequency. Present in all of 3 hosts examined 


Diagnosis (based on 17 specimens). Body elongate, cylindrical, 1.498 
to 1.957 by 0.276 to0.390; anterior end truncate, posterior end more ta- 
pering; most of body about equally wide. Rhynchus cone-shaped, well de- 
veloped, 0.157 to0.277 in width by 0.195 to0.292 in length. Mouth very 
Slightly anterior tomidbody; pharynx 0.053 to0.073 in diameter; esopha- 
gus longer than pharynx; intestine elongate, saclike, extending forward. 
In 15 of 17 specimens, the intestine extended anteriorly beyond the vit- 
ellaria, and it may reach beyond the posterior border of the rhynchus 
(Geige, Bil) 6 

Gonads more or less tandem or diagonal, inmidbody region. Ovary slight- 
ly to the right or to the left, pretesticular, anterior to pharynx, 
opposite (and dorsal to) esophagus or intestine, usually overlapping an- 
terior testis dorsally. Mehlis' gland postovarian, dorsal to anterior 
testis. Vitelline follicles forming two separated, rather compact groups 
clustered in the pharynx—ovary—testis region; sometimes entirely poste- 
rior to ovary, sometimes entirely between the testes, never more than a 
few preovarian follicles. Uterus entirely postovarian, often entirely 
posterior to anterior testis, always extending to extreme posterior tip 
of body. Eggs 25 to 31 by 17 to 20 microns but more uniform insize with-— 
in any one specimen. 

Testes tandem or diagonal, separated by uterus and usually by afew vi- 
telline follicles; anterior testis close to or overlapping ovary. Cirrus 
sac relatively short andbroad, about 1/3 to 1/4 body length (in contract- 
ed specimens it may be 1/2 body length), 0.450 to0.545 by 0.112 to0. 142, 
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not reaching posterior testis; seminal vesicle elongate, almost always 
1/2 length of cirrus sac or more; pars prostatica and seminal vesicle 
overlapping for 1/2 or more of their lengths, connected by a somewhat 
coiled tube (fig. 22). Genital atrium not appreciably wider than cirrus 
Sac; dorsal genital lobe somewhat larger than ventral, atrial tube short; 
genital pore some distance (0.144 to 0.262) anterior to posterior end of 
body. 

Excretory vesicle reaching to anterior testis. Nervous system sometimes 
conspicuous; transverse fibers extend across dorsal posterior portion of 
rhynchus; longitudinal nerves far lateral. 

The name promicrops1 is for the host. 

Comparisons. This species differs from most others in the genus in the 
following combination of characters: far anterior extent of intestine, 
extent of the separated, bunched vitellaria, and the postovarian uterus. 
It seems to be most similar to P. gonoderus Manter, 1940, from which it 
differs inmore posterior mouth and gonads and in that the intestine al- 
most always extends anterior tothevitellaria. It differs from P. cos- 
tai Travassos, Artigas, and Pereira, 1928, in much smaller eggs and in 
more posterior extent of uterus. It differs from P. pacificus Manter, 
1940 and P. atlanticus in anterior extent of the intestine and in lesser 
longitudinal extent of the vitellaria. Also, eggs of P. promicrops: tend 
to be relatively wider, and the cirrus sac never reaches the posterior 
testis, whereas itmay or may not inP. atlanticus and P. pacificus. The 
Prosorhynchus species of groupers are all similar but canbe distinguished 
from one another by slight differences. 


Prosorhynchus ozakii Manter, 1934 


Host, Epinephelus niveatus (Cuv.. & Val.) 
Location. Intestine 
Frequency. Present in 1 of 3 hosts examined 


This species was reported by Manter (1934, p. 267) from a depth of 90 
fathoms. It is also reported (Manter, 1940, p. 339) from related hosts 
along the Pacific coast of Mexico. 


Dolifustrema gravidum, n. sp. 
(Figures 23-26) 


Synonym. Gasterostomum sp. Linton, 1910, p. 79, from “Lycodon- 
tis moringa” 

Host. Gymnothorax moringa (Cuv.) 

Locatton. Intestine 

Frequency... & specimens in 1 of 2 hosts examined 
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Diagnosis (based on 4 specimens). Body plump, ovoid, 0.840 to 1.512 
by 0.525 to 0.675; widest near anterior end; anterior endbluntly round- 
ed or truncate, posterior end more pointed. Rhynchus weakly developed 
and flattened but with short longitudinal muscles alternating with glan- 
dular (?) regions. Anterior end of body at posterior edge of rhynchus 
provided with a triple-row ring of large spines (fig. 24). These cephal- 
ic spines are numerous, arranged in three alternating rows, much larger 
than body spines. Mouth well posterior tomidbody; pharynx ovoid, 0.119 
to 0.153 long by 0.085 to 0.102 wide; intestine very large, extending 
forward to base of rhynchus, thus being more than 1/2 body length. The 
intestine often has one or more swellings and may bebent back at its an- 
terior end as if too long for the body. 

Gonads in midbody region, tandem or in triangular arrangement (proba- 
bly the normal condition). Ovary either between testes (fig. 23) or to 
the left beside anterior testis and directly anterior to posterior tes- 
tis. Ovary ovoid to subtriangular in shape; Mehlis' gland at right pos- 
terior edge of ovary. Vitelline follicles large, irregular in shape, 
usually so compactly close together as to appear fused, sometimes wide- 
ly scattered, in two separate groups from level of ovary about halfway 
to anterior end. Uterus filling entire body except for afew small areas 
near pharynx, intestine, or cirrus sac, and a narrow strip across the 
body at base of rhynchus; covering most organs. Eggs (fig. 25) large, 
ovoid but tapering somewhat toward anterior end; 24 to 26 by 16 to 18 
microns. 

Testes globular or irregular in shape, somewhat larger than ovary; an- 
terior testis usually to the right, dorsal to intestine; posterior tes- 
tis about at pharynx level. Cirrus sac (fig. 26) relatively small; not 
reaching posterior testis; 0.207 to 0.277 by 0.080 to 0.090; seminal 
vesicle about 1/2 length of sac, curving backward before entering the 
looped, colorless connecting tube; genital atrium moderately small; gen- 
ital pore near posterior end of body. Excretory system not seen. 

The name gravidum refers to the large number of eggs filling the body. 

Comparisons. Only one other species, D. vaney1 (Shen, 1930), is known 
in the genus. Dollfustrema gravidum differs in the large size of the 
intestine and the poor development’ of the rhynchus. The egg size of D. 
vaney1 is not known. 

Recently the author (Manter, 1940) was inclined to consider Doll fus- 
trema Eckmann, 19°4 a synonym of Mordvilkovia Pigulewsky, 1931. Such 
a conclusion is probably correct but assumes the presence of cephalic 
spines in Mordvilkovia. UnttEit ismore certain that these are present. 
the description of Pigulewsky probably should be accepted and the genus 
characterized by "cuticular folds" on the rhynchus. 
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EXPLANATION OF FIGURES 


All figures were drawn withthe aid of a camera lucida. The projected 
Scale has the value indicated ineach figure. The following abbreviations 


are used: 
cd, connecting duct between semi- gp, genital pore 
nal vesicle and pars prostati- 4, intestine 
ca; possibly an empty portion m, mouth 
of the seminal vesicle pp, pars prostatica 
€s, cirrus sac +h, rhynchus 
ex, excretory vesicle su, seminal vesicle 
ga, genital atrium ut, uterus 
gl, genital loke yd, yolk duct 


gle, glandular cells 
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1. 
2. 
3. 
4. 
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6. 
7. 
R. 


Bucephalus priacanthi from Priacanthus arenatus. Ventral view. 
B. priacanth1. Enlarged view of tentacle. 

Bucephalus scorpaenae from Scorpaena plumier1. Ventral view. 

B. scorpaenae. Enlarged view of anterior end. 

B. scorpaenae. Enlarged view of posterior end. 

Rhipidocotyle nagatyi from Euthynnus alletteratus. Ventral view. 
Rhipidocotyle barracudae from Sphyraena barracuda. Ventral view. 
R. barracudae. Enlarged view of anterior end. 


17 


Fig. 
Fig. 
Fig. 
. Wig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


= 


SO ee 


73 
or 


Pe 


Rhipidocotyle adbaculum from Scomberomorus regalis. Ventral view. 
R. adbaculum. Enlarged view of anterior end, showing cephalic disc. 


R. baculum. Enlarged view of cephalic disc. 
R. adbaculum. Enlarged view of cirrus sac. 


Bucephalopsis longoviferus from Sphyraena barracuda. Dorsal view. 


B. longoviferus. Enlarged view of posterior end. 
Bucephalopsis arcuatus from Sphyraena barracuda. 
B. arcuatus. Ventrai view. 

B. arcuatus. Enlarged view of abnormal eggs. 


i8 


Ventral view. 


Prosorhynchus 
CLAN TUEAUCIUS, 
Prosorhynchus promicropst from Promicrops itaiara. Ventral view. 


P. promicropsi. 


atlanticus from Mycteroperca microlepis. Ventral view. 
from Mycteroperca bonaci. Dorsal view. 


Enlarged ventral view of anterior portion of the body. 


P. promicrops1. Enlarged view of cirrus sac. 


Dollfustrema 
D. gravidum. 
D. gravidum. 
D. grovidum. 


gravidum from Gymnothorax moringa. Dorsal view. 
Enlarged portion of body showing cephalic spines. 


Eggs. 
Enlarged view of cirrus sac. 
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SWARMING OF THE ATLANTIC PALOLO WORM, 
LEODICE FUCATA (EHLERS) * 


INTRODUCTION 


Many investigators claim that various organisms show reproductive ac-— 
tivity coinciding with some phase of the lunar cycle. Thefirst brought 
to the attention of zoologists was the "palolo" worm from the Samoan 
Islands (Stair, 1847). As a result of numerous publications (Stair, 
1847; Friedlaender, 1898; Collin, 1897; Woodworth, 1907), the Samoan 
name has come into common use to designate a group of worms of somewhat 
diverse systematic position but of similar reproductive habits. In 
these forms the gonads are usually limited to certain segments which 
at reproduction break from the rest of the body and swim to the sur- 
face, where they discharge their products. In all cases typical mass 
activity occurs which has led investigators to conclude that the re- 
production period is concentrated into one, two, or three days, during 
which the sexual ends appear at the surface of the ocean in immense 
numbers. Such aggregations have been designated swarms. Swarming ap- 
parently is closely correlated with certain lunar phases during cer- 
tain months of the year. However, there is no uniformity as to the 
phases of the moon or months involved, as is shown in table 1. Other 
worms show lunar periodicity in swarming, for example Nereis limbata 
of the Atlantic coast, reproducing most abundantly on the full moon in 
June, July, and August (Lillie and Just, 1918); Platynere1s dumerili1 
of Europe, on the first and last quarter moons in May, June, July, Au- 
gust, and September (Hempelmann, 1911; Fage and Legendre, 1923); Odon- 
tosyllis enopla from PRermuda (Galloway and Welch, 1911); and a Bahaman 
species of Odontosyllis, the reproduction of which is closely associ- 
ated with the last quarter moon in January, April, May, July, October, 
and December (Crawshay, 1935) . 

The only known occurrence of a palolo in the western hemisphere is 
that first reported by Mayer in 1900. At that time he erroneously be- 
lieved it a new species, which he named Staurocephalus gregaricus, and 
thought that the complete worm participated in swarming. Friedlaender 
(1901) and Verrill (1900) both questioned this conclusion. In 1902, 
Mayer showed that the worm had been described as Funice fucata by Eh- 
lers (1887), from material collected by dredging in the West Indies, 


+The authors wish to express their thanks to the Carnegie Institution of Wash- 
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Park, Bureau of Lighthouses, U. S. Coast Guard, for help in securing mete- 
Orological data. The assistance of Mr. Z. Peter Grabicki is gratefully ac- 
know ledged. ; 

ao 


24. PAPERS FROM TORTUGAS LABORATORY 


and he gave a correct interpretation of swarming. (ring the next few 
years his further observations resulted in numerous iimortant papers 
(1908, 1912, 1914, 1916), of which the most significant were perhaps 
those of 1908 and 1912. He concluded that swarming occurs within 3 
days of the day of the last quarter moon between June 29 and July 28, 
except when the last quarter occurs late in July, in which case the 
worms may swarm at the previous first quarter. 


Treadwell (1914, 1917, 1921) changed the name of the worm to ogsiec 


fucata and added observations on natural history, distribution, and 
swarming. Except for Longley (1924), who listed fishes feeding on pa- 
lolo, Bullington (1930), who studied the spiral movements of palolo 


Table 1. Showing relatton of moon's phases to reproduction in 
worms commonly called "palolo” 


- Month of 
Moon’s phase 
swarning 


Eunice winiddiisi. «ce cee : ° Last quarter 


Species Reference 


Woodworth, 1903 


Inysiidalcemoelennaicinencnens Full moon Horst, 1905. 


Ceratocephale osawai.. Full or new noon Izuka, 1903 


First or last 
quarter 


Leodice fucata........ Mayer, 1908 


Woodworth, 1903 


Lysidice falax........ . ° Last quarter 


embryos, and Hess (1931), who observed the light reactions of the 
adults, other references to the Atlantic palolo are records of dates 
of swarming only. 

Swarming has been reported from Andros Island in the Bahamas and at 
Montego Bay, Jamaica (Treadwell, 1921), but it occurs commonly only at 
the Dry Tortugas Islands. A summary of the dates of swarming to 1936 
with dates of the moon's phases is given in table 2. The date of the 
maximum swarm is italicized when known. Figure 1 shows the distribu- 
tion of swarming as related to lunar periodicity. The solid line in- 
dicates the amount of darkness, that is, the time when neither the 
moon nor the sun is above the horizon during the lunar cycle. It will 
be seen that, in general, swarming occurred about the time of the third 
quarter, although some swarms occurred at the first quarter and one is 
reported at the time of the full moon. 

Mayer (1908, 1909) claimed that worms were inhibited from swarming 
if the rocks containing them were darkened from moonlight for 2, 5, 
14, or 30 days before the date of the swarm. Although Treadwell (1909) 
showed that withdrawal of light for one night is not sufficient to in- 
hibit swarming, there seems little doubt that longer periods of shad- 
ing from moonlight are effective in preventing swarming. 
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The data presented in table 2 and figure 1, collected by many dif- 
ferent observers over a series of years, supported by the shading ex- 
periments of Mayer and Treadwell, and considered in connection with 
reproductive activities in other forms, seem to give conclusive evi- 


Table 2. Dates of swarming of Leodice fucata at the 
Dry Tortugas Islands, Florida 


@ate of maximum swarm italicized where known. 
F.Q., first quarter; 1.Q., last quarter.) 


Moon's phase 


Y | 
ear Swarming dates AAWiaiates 


Reference 


1898...... July 9, 10 | Ibo@)o p may, 10 Mayer, 1908 
1899......]| July 1, 2 L.Q., June 29 Same 
1900...... | July 19 (others un- i L.Q@., duly 18 | Same 
known) | 

1902......| July a4, 25, 28 | L.Q@., duly 37 | Sane 
V9OS ce. 6 8s | sury 17 (others un- | L.Q., July 17 | Sane 

| kn ow m) | 
1906......]| July 9, 10 | #.Q@., July 9 | Same 

| July 21, 22, 38, 24 | L.Q., July 24 | Same 
1906...... {July 12, 12, 13 | boQ@., July 13 | Same 
1907...... | July 2, 3 | biq., July 2 | Bare 
1908...... | July 10 | F.Q@., July 6 | Same 

| July 19 | b.Q., July 19 | Sane 

| OOD: Beene) July 6, 7 | SheoMeo Gy © | Treadwell, 1909 

1910...... | July 29, 3¢ | L.Q., June 30 | Mayer, 1914 
1911...... | July 16, 17 | L.Q., July 18 Same 
1912...... | July 6, 7 ; L.Q., July 7 Sane 
1914...... | duly 1] | L.Q., July 14 Same 
1915......| duly J | L.Q., July 3 Treadwell, 1915 
1916...... | July 14 | Full, July 14 Mayer, 1916 
| | July 20 | L.Q@., July 20 | Same 
1922...... | July 18 | L.Q., July 17 | Potts, 1922 
1923....,.| duly 7 L.Q., July & | Longley, 1924 
1924......| July 22 L.Q., July 23 Grave, 1924 
1925......| July 10 | L.Q@., July 12 Grave, 1925. 
1929......| June 28, 29, 30, | L.Q., June 30 | | Grave and Burken- 

ayuly a024 a), | road, 1929 

| July 17, 18 F.Q@., July 13 | Sane 
1930......| July 16 L-Q., July 18 | Bullington, 1930 
1931......] July 4, 8, 9 Halen citi, | Hess, personal 


communication 


1936......}) July 10, 11, 12, 18 L.Q@., July i1 Plough, personal 


Communication 


26 PAPERS FROM TORTUGAS LABORATORY 


dence that lunar periodicity controls swarming in Leodice fucata. Early 
in the present investigation, it became apparent that factors other 
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Fig. 1. Swarming in the Atlantic palolo as related to the lunar cycle. Rec- 
ords of the major swarm over Bird Key Reef in 1937, 1938, and i989 are included 
with all records from 1898 to 1936. Hours of darkness, time during which both 
sun and moon are below the horizon. 


than lunar periodicity were involved in swarming. It will be shown in 
this paper that the velocity of the wind and the serual maturity of the 
worms are also important factors. It seemed advisable to follow the 
course of events during swarming to ascertain its onset, time relations 
during the swarm, and the influence of sunlight on the cessation of 
swarming. The present paper proposes to deal with these problems pri- 
marily from observation in the field. 
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LIFE HISTORY OF THE ATLANTIC PALOLO 
AND DESCRIPTION OF ITS SWARMING 


Leodice fucata is widely distributed in the West Indies region, being 
reported from the Dry Tortugas Islands, Porto Rico, Cape Florida, Ja- 
maica, Tobago Bay, and the Bahamas (Treadwell, 1921). The worms live 
in crevices and burrows in dead coral or in limestone beach rock from 
the lower levels of the intertidal zone to about 150 fathoms. They can 
excavate their own burrows, but usually incorporate into them cavi- 
ties and tunnels+-made -by other organisms, such as burrowing mollusks 
and serpulid worms. Although the rock may be honeycombed and yield 
as many aS 20 worms per cubic foot, the burrows do not seem to comnu- 
nicate with each other. The worms are negative to all except very weak 
intensities of light, and remain in their burrows during the day. At 
night the anterior end is protruded into the water. Examination of the 
intestinal contents indicates that the food consists largely of vege- 
table matter secured by the worm within a few inches of the mouth of 
the burrow. 

During the night of swarming the worm backs out of its burrow and the 
caudal sexual portion, or epitoke, begins a series of convulsive twist- 
ing movements, usually but not always counterclockwise, during which 
the epitoke is torn from the anterior, or atokal, portion, which crawls 
back into the burrow. The epitoke swims to and at the surface in a se- 
ries of graceful spiral movements. ‘The epitoke, usually about half the 
total length of the worm, may vary from two-fifths to three-fifths of 
the total. Each of its segments except the anterior two or three and 
the posterior thirty or forty has a pair of much enlarged gonads, which 
constrict the intestine and blood vessels and distend the coelomic cav- 
ity. The posterior thirty to forty segments, from which gonads are ab- 
sent, are different in color and much smaller. The epitoke swims with 
this nonsexual portion foremost, and the spiral movement is initiated 
there. However, as pointed out by Mayer (1908), any part of the epitoke 
large enough to swim will continue to swim in spirals with the morpho- 
logical posterior foremost. 

According to Mayer (1908), swarming begins in the early morning be- 
tween 3:00 and 4:00 a.m. and the numbers of swimming individuals in- 
crease rapidly until dawn, when the surface of the ocean is covered. 
With the rising of the sun the epitokes yield up their reproductive 
products by the almost instantaneous rupturing of the lateral body 
walls. Bullington (1930) noted that they swarmed from early dawn until 
the sun was about half an hour high, at which time all had ruptured. 
The empty epitokes may swim for a short period unless eaten by fish 
(Longley, 1924, lists fishes which eat palolo), but they soon sink to 
the bottom and die, although in the laboratory exhausted epitokes have 
remained alive for as long as 8 days. 
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After being discharged the eggs float and may appear in such immense 
numbers that they cover the ocean for acres. Grave (1924, 1925) noted 
that long windrows of eggs occurred, several yards in width and sev-— 
eral feet in depth, and that the water contained thousands of eggs per 
bucketful. 

The eggs are immediately fertilized and proceed through their cleav- 
age stages, so that by 10 o’clock in the forenoon they may be in late 
segmentation. By late evening or the next morning they are ciliated 
larvae, Swimming with the spiral motion described by Bullington (1930) . 
The larvae are positive to light and negative to gravity for 3 days, 
after which they sink to the bottom. 

Mayer (1908) pointed out the difficulty of keeping the Atlantic pa- 
lolo in aquaria. Theyseem to be very sensitive to lack of circulation, 
to COs, and to impurities in the water. If small pieces of rocks con- 
taining the worms are put into aquaria, the worms die within a very 
few days even though a flow of water is maintained sufficient to give 
a complete change every 15 minutes. It was hoped that a method could 
be developed by which mature worms could be removed from their burrows 
and put into aquaria. Attempts to drive out the worms by desiccation 
of the rocks, by putting the rocks into warm water, and by the electric 
current all failed completely. The worms have the power of autotomy 
developed to a remarkable degree. Any nocuous stimulus sufficient to 
overcome their positive thigmotropism is more than sufficient to cause 
them to fragment. Also the epitokal end is very sensitive to light and 
usually starts twisting movements when exposed, so that it is broken 
off the atoke and may even be broken into a number of pieces. Not a 
single complete mature specimen was secured by any of the above meth- 
ods. A measure of success was attained by breaking open the rocks with 
a cold chisel. It was necessary to work in dim light, as at dusk, and 
to expose the worm completely with one blow. If any part of the worn, 
especially the anterior end, remains in the burrow, it crawls in, and 
even gentle pulling causes it to break. Very often the weight of part 
of the worm is sufficient to cause autotomy. With experience it was 
found possible to remove unbroken from their burrows about 5 per cent 
of the mature worms. They did not live free in aquaria even in the 
darkroom. Various attempts were made to keep them in glass tubes cov- 
ered with rubber tubing, but without success. The worms readily en- 
tered the tubes and remained in them during the daytime, but left them 
at night and did not find their way back. At sunrise they were so 
Strongly stimulated by light that they fragmented. 

The sexual ends, if broken out of rocks, behave much like those in 
the process of swarming if the light intensity is more than half a 
foot-candle. They twist, break away, and swim at the surface much in 
the manner of normal swarming. Treadwell (1914) believed this was due 
to the contact stimulus of open water, to which they are not exposed 
before swarming; we have found, however, that worms broken out of rocks 
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in the dark do not react, but that once the reaction has been inaugu- 
rated, darkness does not inhibit it. Treadwell pointed out that this 
reaction is not shown by immature individuals but becomes more marked 
as the animals approach maturity. We have found that the posterior end 
likewise becomes more sensitive to light as the animal approaches ma- 
turity. ; 

Owing to the difficulties mentioned, it was impossible to keep worms 
for more than a few days in the laboratory. 


CHANGES ASSOCTATED WITIT SEXUAL MATURITY 


As the season for the swarming of the palolo. worm approaches, cer- 
tain important changes occur in the animal in preparation for the re- 
lease of the epitoke. The maturing sex cells cause the epitoke of the 
male to assume a deep pink and that of the female a greenish-gray col- 
or, making the epitoke easily distinguishable from the atoke. The en- 
largement of the gonads, which greatly distend the coelomic cavities, 
is accompanied by a thinning of both muscle layers of the body wall 
(fig. 2). The two or three anterior segments of the epitoke become 
differentiated, forming a junction for its release. Since the segments 
of the junction do not form germ cells, or at most only a few, and 
Since they are a part of the epitoke and hence have thin walls, the 
worm becomes constricted in this region. Owing to poor circulation 
through the junction, the dorsal blood vessel and certain of the pari- 
etal blood vessels usually become distended with blood, and this change, 
together with those mentioned above, makes a junction which is easily 
ruptured. One of the striking phenomena accompanying reproduction is 
the great increase in activity of the posterior end and the breaking 
of the epitoke from the atoke, as described above. Muscular contrac- 
tions resulting in spiral or twisting movements are initiated at the 
posterior end even before the separation of the epitoke takes place. 

A study of the oxygen consumption of mature and inmature individuals 
was made to secure information regarding the physiological changes oc- 
curring in different regions of the body. 

Complete worms were broken out of rocks and cut at four levels, 
giving five pieces designated by the numbers 1 to 5. These pieces 
consisted of: (1) the anterior half of the atoke; (2) the posterior 
half of the atoke; (3) the anterior half of the sexual portion of the 
epitoke; (4) the posterior half of the sexual portion of the epitoke; 
and (5) the nonsexual posterior portion of the epitoke. Each piece 
was put into a calibrated glass-stoppered bottle of approximately 60cc. 
capacity, filled with filtered sea water. A sample of the water was 
titrated to determine the oxygen tension and then all experimental bot- 
tles and a control were put into a closed metal container filledwith 
sea water and suspended in the ocean 2 feet below the surface. The du- 
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ration of the experiment varied, but in all cases attempts were made 
to regulate the time so that not more than three-fifths of the avail- 
able oxygen was used. Oxygen tension was determined by a modified mi- 
cro Winkler method, using 0.00415 N thiosulphate. At the close of the 
experiment the surface water was removed from the pieces of worms by 
laying them on filter paper. They were then weighed and put individu- 
ally into finger bowls with sea water. If all pieces remained in good 
condition, they were used again the next day. 

A control was run with the experimental bottles, and the decrease in 
oxygen per cubic centimeter due to bacteria and other microorganisms as 
found in the control was deducted from the total oxygen decrease found 
in the experimental bottles. Theresults are given in table 3 in oxygen 


Fig. 2. Semidiagrammatic drawing of a longitudinal section of the junction 
of the atoke and epitoke of a sexually mature female worm. Qt, atoke; Cm, cir- 
cular muscles; GD, dorsal blood vessel; @, eggs; ep, epitoke; im, intestine; lm, 
longitudinal muscles; X, differentiated segments at junction of atoke and epi- 
toke. 


- consumption per gram per minute times 10°. Inmmatureworms are indicated 
by asterisks in the column showing the sex. 

The peculiarly intractable nature of the organism amplifies the dif- — 
ficulties and increases the sources of error normally present in de- 
terminations of oxygen consumption. During removal from the rocks 
and during the manipulation necessary to carry on the experiment, the 
animal is apt to go to pieces, and the epitokal sections may begin to 
Swim vigorously and to shed eggs. The results presented are the only 
ones obtained from some dozens of attempts. The individual results 
are therefore not considered accurate, but certain general conclusions 
are indicated. 

Table 3 shows that in two of the three immature females tested the 
anterior end had the highest rate of oxygen consumption, while in all 
except one of the mature animals the posterior, nonsexual portion of 
the epitoke was the most active. This suggests that metabolic domi- 
nance shifts from the anterior to the posterior end of the animal with 
sexual maturity. Confirmation of the idea of a progressive shift was 
sought in a comparison of the ratios of the rate of oxygen consumption 
of the anterior end to that of the posterior in those animals tested 
before July 2 (table 3, experiments 1, 2, 4, and 5) and those tested 
after July 12 (experiments 8, 9, 10, and 11). In the former group the 
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average ratio of the rate of oxygen metabolism of the head end is 1:2.4, 
while that of the latter is 1:2.9, showing an increase in rate of the 
posterior end as compared with the anterior of almost 29 per cent. 

When rates of oxygen consumption of the other pieces are compared 
with one another and with those of the anterior and posterior pieces, 
the results are quite unreliable. Pieces 2, 3, and 4 have two cut sur- 
faces each, and Parker (1929) has shown that the area of injury increas- 
es metabolism. Pieces3 and4contain sex products, and Treadwell (1914) 
found that eggs more than double their rate of metabolism in the 5 days 
immediately preceding swarming. 

It is believed, however, that a comparison between the rate of me- 
tabolism of the anterior atokal portion (piece 1) and that of the pos- 
terior epitokal portion (piece 5) is significant. Each piece has only 
one cut surface and both pieces are free of eggs. Therefore it may be 
concluded that the respiration experiments do show a change in the re- 
gion of greatest metabolism from the anterior end in immature animals 
to the posterior end in mature forms. If this coincides with a change 
in physiological gradient and dominance, it follows that maturing of 
the sexual product in preparation for swarming is accompanied by de- 
crease of dominance of the anterior end, with a concomitant increase 
at the posterior end. This may be the factor, or one of the factors, 
involved in what the authors have called maturity, and may not be ac- 
companied by any gross morphological or histological change. 


COMPARISON OF SWARMING OVER WEST LOGGERHEAD REEF AND 
BIRD KEY REEF IN 1937, 1938, AND 1939 


All previous reports of swarming except those of Grave and Burkenroad 
(1929) were based upon observations of epitokes in the water in the 
early morning. Consequently it is possible that small swarms occurred 
without being noticed. Grave and Burkenroad, by observation of epi- 
tokes supplemented by towing for newly laid eggs, report swarming on 8 
days in 1929. The only other record nearly as extensive is that for 
1905, with swarming on 6 days, while of the remaining 22 years listed, 
4 days of swarming are reported for i year, 3 days each for 3 years, 2 
days and 1 day for 9 years each. 

Since eggs fertilized the preceding night or in the morning will be 
in late segmentation stages by 10 o'clock in the forenoon, and eggs 
fertilized 24 hours or more will have developed into ciliated larvae, 
the finding of cleaving eggs in a morning tow shows definitely the 
presence of a swarm earlier in the morning. There can be no confusion 
between eggs laid on different days. For this reason systematic daily 
towings supplemented observations made at intervals during the night 
and at dawn. The quantity of eggs recovered would give some indica- 
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tion of the intensity of the swarm. A tow net of no. 12 silk bolting 
cloth was used and towings were made for 10-minute periods at the sur- 
face. Variation in the roughness of the water, the force and direction 
of the tide, and speed of towing, as well as clogging of the net by pa- 
lolo eggs and other plankton, make quantitative counts of eggs unreli- 
able. Therefore we grouped our positive findings into seven classes: 
rare, 1 or 2 eggs only in a 10-minute tow; very few, up to 10 eggs; 
few, from 10 to 50 eggs; fairly numerous, 50 to 100 eggs; mumerous, 100 
to 1000 eggs; abundant, over 1000 eggs; and very abundant, thousands of 
eggs clogging the net and occurring only during a maximm swarm. 

Towings were made in the morning, usually before 9:30. To reduce the. 
possibility of obtaining erroneous data as a result of the net's pass- 
ing through a region with a localized concentration of eggs, such as 
a location where a worm had recently shed, two tows were customarily 
made, kept separate, and compared. In the few cases of wide divergence 
in number of eggs obtained on the same day, additional tows were made. 

Two areas differing in certain physical features but in both of which 
palolo is found in abundance were sudjected to intensive study. It was 
thought that a comparison of the incidence and time of swarming over 
the two areas would give some indivation of those factors other than 
moonlight influencing swarming. 

One area was West Loggerhead Reef (fig. 3), lying parallel to and 
northwest of Loggerhead Key. [It is covered with shallow water, 1 to 
3 meters deep at mean jow tide, and has a gently sloping bottom, so 
that the 6-meter depth line lies about 0.5 kilometer offshore. The 
reef is well protected from south and east winds, but exposed to those 
from other directions. 

The other area studied was that lying to the southeast of Bird Key 
Reef, which lies about 6.5 kilometers from West Loggerhead Reef. The 
water on the west side of the reef is shallow with sandy bottom and is 
destitute of palolo worms. On the east side worms occur in abundance 
in old coral rock. The bottom slopes rapidly, the 6-meter line being 
only about 0.1 kilometer from the reef. The water is freely exposed 
to wind from the south and east but well protected on the north and 
west. 

The two areas under observation were similar in abumdance of palolo, 
in having a dead-coral-rock and beach-rock bottom, and in being com- 
paratively shallow. They differed in the slope of the bottom and in 
exposure to wind and wave action. 

The observations made during 1937, 1938, and 1989 (Clark, 1937; Clark 
and Hess, 1938, 1939) are given in table 4. The times when major swarms 
of epitokes were seen are indicated by asterisks in the table. 

Reproduction in the palolo worm is not restricted toafew days around 
tthe time of the third quarter moon. Small numbers of worms may spawn 
Sporadically during any night except those inmediately preceding or 
following the new moon. Also, it is apparent not only that there is 
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a variation in minor swarming between the worms at West Loggerhead and 
at Bird Key reefs, but that the major swarm may and does occur at dif- 
ferent times. In 1938 the heaviest swarm of the season occurred on 
July 3 over West Loggerhead, while eggs were rare on the same morning 
over Bird Key Reef. Conversely, the major swarm occurred almost two 
weeks later, on July 15, over Bird Key Reef, while very few eggs were 


54'W one kilometer 
Oper ees te een reed 


DOTTED LINE ----- 
6 METERS DEEP 


Fig. 3. Map of Dry Tortugas Islands. Swarming was studied over West Logger- 
head and Bird Key reefs. West Loggerhead Reef, lying along the northwest shore 
of Loggerhead Key, is protected from south, southeast, and east winds. The 
northern side of Bird Key Reef is very shallow, with a sand.bottoam, andunsuit- 
able for palolo worms. The reef is above water much of the time, and so. with 
Garden Key and the other islands, serves to protect the water on the east side 
of the reef, which is inhabited by worms, from west and north winds. 


obtained from West Loggerhead. On each of these days reproduction was 
So intense that eggs floated in windrows over their respective reefs. 
and at West Loggerhead the concentration of swimming epitokes at dawn 
well merited Agassiz's comment that the ocean looked like "vermicelli 
soup." During1937 and 1939 no major swarm took place over West Logger- 
head such as was described by Mayer and seen by the authors in 1938, 
but such swarming did occur over Bird Key Reef on July 14, 1937 and 
July 6, 1939. 
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It was barely possible that even abundant swarms might be missed by 
daily observations made at dawn, as the set of the tide might sweep the 
Swarming epitokes and released eggs beyond the area covered in towing. 
Consequently during 1937 and 1938 tows and observations were made at 


Table 4. Recovery of newly laid eggs in tow over West Loggerhead 
and Bird Key Reefs at the Dry Tortugas Islands during 1937, 
1938, and 1939. Dates arranged so as to make incidence 
of swarming on similar lunar phases easily comparable 


1937 1938 1939 
Moon’s }+-— ; sae fi 
phase W. Log-| Bird W. Log Bird |W. Log-| Bird 
i Date Key Date gerhead Kon Date gerhead Key 
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numerous 


“Major swarm. "First quarter on June 24. 
‘New moon on June 17. 
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1937 1938 1939 
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- ai ve 
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Third quarter on July 30. 


intervals during the nights when swarming would be expected to occur, 
and in 1939 observations and tows were taken systematically at 2-hour 
intervals during the nights from June 29 to July 16. As an indepen- 
dent check on towing and observational results, rocks containing worms 
were broken open and careful counts made of immature and sexually ma- 
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ture worms and those regenerating posterior ends.* These data are giv- 
en in table 5. They show, except for the worms from Bird Key Reef in 
1987 and 1928, no abrupt decrease in sexually mature forms, but rather 
a gradual decrease during the summer. Likewise this served as a check 
on the possibility that the worms had swarmed on or about June 30, 
1987, near the third quarter moon of July 1, before observations were 
begun that year.° As is shown in the table, no regenerating worms were 
found previous to July 14. In 1989 it was thought that worms might 
Swarm after the authors left the Laboratory on July 25, and arrange- 
ments were made with Mr. Paul Conger, Assistant Executive Officer, to 
examine daily tows from over West Loggerhead Reef. He reports that no 
eggs were recovered after that date. 

Therefore it may be concluded from a consideration of the data for 
1937, 1938, and 1939 that: 


1. Reproduction probably is not restricted to a few days, but may 
occur at random and sporadically over a period of almost a month (June 
29% to July 20, 1939). There is a distinct diminution at the time of 
the new moon. 

2. The heaviest swarming may not be simultaneous over a wide region. 
(In 1938 it occurred on July 3 over West Loggerhead and on July 15 over 
Rird Key Reef’.) 

3. Sometimes a heavy swarm of the type described by previous authors 
fails to materialize, but a series of what we have designated minor 
Swarms takes place. In these minor swarms, few or no epitokes are seen 
swimming at dawn but eggs in cleavage stages are numerous. 


The influence of light on reproduction will be treated at length ina 
future paper, but it must be pointed out that although the lunar cycle 
does not control the worms in their swarming as completely as was held 
by earlier observers, swarms are grouped about the time of the quarter 
moon (fig. 1) and recovery of newly laid eggs is rare at the time of 
the new inoon. It should also be pointed out that in those years and 
over those areas in which the greatest swarms were recorded (July 14, 
1937, July 15, 1938, and July 6, 1939 at Bird Key Reef; July 3, 1938 
at West loggerhead Reef), the number of worms participating in a swarm 
far exceeded the total of all worms appearing at other times. Thus it 
seems that the lunar cycle is the most potent but by no means the only 
factor influencing swarming. 


“Regenerating worms, as counted here, include not only indiyiduals with vis- 
ible regenerating posterior segments, but also worms without visible regenerat- 
ing parts such as would be found in worms which had recently swarmed. 

“Dr. David H. Tennent, Executive Officer of the Tortugas Laboratory, informed 
one of the authors on his arrival that he had watched for swarming previous to 
July 2 and that none had occurred. 
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For three summers the authors have examined some scores of matt 
worms in an attempt to discover some morphological difference betw 
the worms on the two reefs studied. In 1937 the worms from Bir 
Reef seemed to be in the same stage of maturity as those from Wes 


Table 5. Number of individuals obtained from rocks 


(M.M., sexually mature males; M.F., sexually mature fem 
Reg., individuals with regenerating sexual ends: 
Im., immature individuals) 


West Loggerhead Reef | Bird Key Reef 


gerhead, although the former yielded a major swarm and the latter did 
not. During 1939 specimens from Bird Key Reef collected on June 23 
were compared with those collected on the same reef a year earlier. 
They seemed morphologically similar in development,+ although in 1988 
they swarmed on July 15 and in 1939 on July 6. 


4It was hoped that the development of the epitoke could be followed by plant - 
ing rocks containing palolo on East Loggerhead Reef in 1937 and arranging for 


their collection by the staff of the lighthouse on Loggerhead Key. Preserva- 
tion was inadequate. 
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THE COURSE OF A SWARM 


During the night of July 2, 1938, the progress of a swarm was fol- 
lowed from its initiation until the last epitoke disappeared the next 
morning. The water over West Loggerhead Reef was almost a dead calm. 
At 9:30 p.m. freshly laid eggs were obtained in tow. Immediately free- 


NUMBER OF SWARMING EPITOKES 


LOG LIGHT INTENSITY 


CRP e Iie 
tOsOO RM. 12:00 AM. 2:00 4:00 6:00 
JULY 2 JULY 3 1938 
Fig. 4. Counts of free-swinming epitokes during the course of a swarm over 


West Loggerhead Reef on the night of July 2, 1938. %, male epitokes; e, female 
epitokes. Light intensity, incident light falling on a horizontal surface 10 
feet above mean tide level. 


swimming epitokes were sought, and observations were continued all 
night. At 9:45 and 10:15 p.m. four males and one female were seen 
Swimming in the beam of a flashlight. During the night, counts were 
made of the numbers of each sex seen. The results are given in figure 
4. It will be noted that in the early part of the night males were 
numerous, but after 3:00 a.m. females were in excess. As pointed out 
by Mayer (1908), the female epitokes are more delicate and fragile and 
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shed their sex products more readily than the males. If the ratio of 
the number of the two sexes leaving their burrows remained constant 
during the course of the swarm, it would be expected that the propor- 
tion of male epitokes would gradually increase during the night and be 
greatest at the end of the swarm. But despite the greater number of 
males (aproportion of two males to one female, as noted by Mayer [1908] 
and substantiated in the present study) and despite the greater fragil- 
ity of the female epitokes, which would prevent them from having as 


JULY 3 1938— A.M. 


Fig. 5. Increase of intensity of daylight on the morning of July 3, 1938. 
Dots indicate individual readings of light intensity. From the first appear - 
ance of dawn, epitokes ruptured at an increasing rate until at 5:50 a.m. it 
reached a maximum. Epitokes rapidly disappeared until 6:09 a.m., when the last 
one wes seen. 


long an average free existence as the males, the number of females at 
2:00 a.m. exceeded the number of males by some 45 per cent, and the 
excess continued until the end of the swarm. It is concluded that the 
males have a tendency to swarm before the females. The later appear- 
ance of the females may be an adaptation to their greater fragility. 
If the males and females swarmed simultaneously, the females might shed 
their eggs before many males had yielded sperm, and the chance of suc- 
cessful fertilization might be decreased. With the males tending to 
precede the females, the males would have more opportunity to be ex- 
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posed to stimuli inducing the shedding of sex products, and males and 
females would . hed at more nearly the same time. 

Swarming males and females were observed until 6:09 a.m., when the 
lest shed its sexual products. Exhausted epitokes continued to swim 
until after 7:00 a.m., but soon thereafter sank to the bottom or were 
taken by actively feeding fish. The morning was calm and clear with 
a few clouds in a layer 5° above the horizon and a few wispy clouds a 
little higher. 

At 4:30 a.m., the first streaks of dawn appeared. In view of Mayer's 
observations many times repeated (Mayer, 1908; Bullington, 1980 and 
elsewhere) that light from the rising sum induced shedding of the sex- 
ual products, light measurements were made from the time light inten- 
sities reached 0.135 foot-candle until after the last epitoke frag- 
mented. Measurements were made with a photocell and Leeds and Northrup 
galvanometer, the photocell measuring incident light falling on its 
horizontal surface 10 feet above mean tide level. 

The results are indicated in figure 4 and shown in greater detail in 
figure 5. With the first appearance of dawn the epitokes broke rapid- 
ly, but the last one did not rupture until the light intensity reached 
1095 foot-candles, a difference of intensity of almost ten thousand 
fold. The difference in threshold intensity necessary to cause shed- 
ding of sexual products will be discussed elsewhere. 

The swarm observed occurred on the night before the first quarter 
moon on July 4, 1938. On July 2 the sun set at 7:26 p.m., the moon 
Set at 10:40 p.m., and the sum rose the next morning at 5:46 a.m. 
(E.S.T.). It should be pointed out that the swarm began before 9:15 
pm. on the evening of July 2, when the moon was still above the horizon. 

The above observations on the course of a swarm vary in a number of 
essential details from those of Mayer (1908), perhaps the most impor— 
tant being the time relations of the swarm. He believed that the swarm 
began about 3:00 to 4:00 a.m. and persisted until after sunrise, with 
the individuals most numerous at sunrise. The above observations show 
that the swarm began about 9:30 p.m. and the maximum number of free- 
swimming individuals occurred about 3:30 a.m. 

Although Mayer does not state so specifically, it may be inferred 
that his observations were made at the time of the third quarter moon, 
Since he noted only two swarms at the first quarter and nine at the 
third quarter moon previous to the publication of his paper. If such 
is the case, then Mayer's results do not agree with ours in regard to 
Standard time, but do show a certain agreement if the lunar cycle is 
taken into consideration. The first and third quarter moons are ap- 
proximately similar in the intensity of moonlight and in time above 
the horizon at night. They differ in the part of the night when they 
are up. The first quarter moon is in the sky at sunset and sinks be- 
low the horizon at about midnight, with moonlight from sunset to mid- 
night. The third quarter moon rises about midnight and is still above 
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the horizon at sunrise, giving light from midnight to sunrise. The 
swarm on the night of July 2, 1938, at the first quarter moon, began 
about 9:15 p.m., when the moon was Shining. If Mayer's observations 
were correct, swarms at the third quarter moon did not begin until 3:00 
or 4:00 a.m., when the moon would be above the horizon. Thus the ob- 
servations agree in that swarming began after sunset and when the moon 
was above the horizon irrespective of the time when these conditions 
occurred. This suggests that the moon has a local and immediate iti- 
fluence on swarming. Mayer's (1908) observation that shading palolo 
for two nights inhibitS swarming lends support to this view. 

Attempts were made during 1939 to make observations on the onset and 
progress of a swarm at the time of the third quarter inoon on July 9. 
A major swarm did not appear over West Loggerhead Reef, so observations 
are incomplete. lUowever, it was possible to determine a time before 
which epitokes definitely appeared. A summary of positive results is 
given below: 


Night of July 8-9, 1589 

Sunset 7:26 p.m., sunrise 5:47 a.m. 

Moonrise 11:38 p.m. Third quarter moon on July 9. 

9:00 p.m to 12:20 a.m, no eggs in tow. 

1:00 to 1:30 a.m., one male epitoke. 

Observations continued at half-hour intervals until 6:00 a.m. No 
further epitokes seen. Few eggs found in tow. 

Night of duly 9-10, 1939 

Sunset 7:26 p.m., sunrise 5:47 a.m. 

Moonrise 12:14 a.m. 

8:30 to 11:00 p.m., no eggs in tow. 

11:30 p.m. to 12:00 a.m, no epitokes seen. 

1:00 to 1:45 a.m., two male epitokes. 

No further epitokes seen. Few eggs in tow in morning. 

Night of July 11-12, 1939 

Sunset 7:25 p.m., sunrise 5:48 a.m. 

Moonrise 1:37 a.m. 

8:45 to 9:15 p.m, a few eggs in i- and 2-cell stages in tow. 

9:30 to 10:00 p.m, a few eggs in 2- and 4-cell stages in tow. 

10:00 to 10:45 p.m., two male and one female epitokes. 

11:15 to 11:45 p.m., no epitokes. 

1:00 to 1:45 a.m., one male epitoke. 

No more enitokes seen, although otservations continued until 5:45 
aem. Eggs numerous in tow in morning. At 8:30 a.m. eggs were 
in 8-, 16-, and 32-cell stages. 

Night of duly 12-13, 1939 

Sunset 7:25 p.m., sunrise 5:49 a.m. 

Moonrise 2:24 a.m. 

9:00 to 9:40 p.m., eggs in tow. One female epitoke at 9:20 and one 
male at 9:25 p.m. 
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Night of July 12-13, 1939--Continued 
Eggs in tow during night but no more epitokes seen. 
Eggs fairly numerous in tow in morning in 32- and 64-cell stages. 
Night of July 13-14, 1939 
Sunset 7:25 p.m., sunrise 5:50 a.m. 
Moonrise 3:18 a.m. 
7:30 to 8330 p.m., no eggs in tow. 
10:00 to 10:30 p.m., a few eggs in 1- and 2-cell stages in tow. 
12:00 to 12:30 a.m, a few eggs in 8- and i6-cell stages in tow. 
8:30 a.m, eggs in 64- and 128-cell stages numerous in tow. 


On the nights of July 8-9 and 9-10 no epitokes were seen or eggs re- 
covered in tow until after moonrise, but on the three other nights eggs — 
in early stages and epitokes were seen before moonrise and about the 
same time in the evening as the onset of swarming under the influence 
of a first quarter moon. 

The criticism may be made that the 1939 observations were not made 
on epitokes which were part of a major swarm, and therefore were not 
comparable with the 1938 observations. Nevertheless, the epitokes did 
appear at about 9:00 p.m. The authors believe that they were studying 
the incipient stages of a major swarm but that local conditions (see 
discussion of effect of wind conditions on swarming) arose to prevent 
swarming from reaching maximum proportions. 

It is concluded that swarming begins early in the night irrespective 
of the position of the moon, and thus moonlight does not have a local 
and immediate influence as suggested above. This conclusion is in 
agreement with Treadwell's (1914) observations that the Atlantic pa- 
lolo would swarm even if shaded for 24 hours before the date of the 
Swarm, and Mayer's (1908) statement that swarmi:g takes place even if 
the moon is completely obscured by dense clouds. 


WIND CONDITIONS AS A FACTOR INFLUENCING SWARMING 


The absence of a major swarm near the last quarter moon of July 1, 
1937, the absence of abundant swarms in other places in the West Indies 
(Treadwell, 1914) where palolo worms are numerous, and particularly the 
differences in the behavior of the worms over West Loggerhead and Bird 
Key reefs in 1987, 1938, and 1939 (table 4), made it seem probable that 
factors other than lunar periodicity play an important part in deter- 
mining the particular day on which swarming takes place. 

Observations dur ing the three years indicated that water turbulence 
or wave action may be one of these factors. The wave action amd water 
turbulence over the two reefs considered is dependent mainly upon the 
velocity and direction of the wind. Therefore a study of the relation 
of wind direction and force to major swarms, 1898 to 1936, a compari- 
son of conditions over West Loggerhead and Bird Key reefs as correlated 
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with swarming in 1937, 1938, and 1939, and detailed observations taken 
nightly from June 29 to July 16, 1989 should give information regarding 
the problem. 

Records of wind direction and velocity at Key West, Florida, 68 miles 
east of the Dry Tortugas Islands, were procured for the days preceding 
and following the time of swarming for all years from 1898 to 1925. 
Similar data were procured for the Dry Tortugas from 1925 on. The data 
are summarized in table 6. 


Table 6. Relation of swarming of the Atlantic palolo 
to wind conditions, 1898-1936 
(Swarming data from table 2; meteorological data from the Weather Bu- 
reau, Key West, and the Lighthouse Service, Dry Tortugas Islands, 
Florida. Moon's phase: /F.Q., first quarter; F.M., full moon; 
ZL.Q., third quarter. Wind velocity in miles per hour. ) 


| Meteorological data - Key West 
g Wind velocity | Wind direction 


Year Day 


189B....c-0e0 July 6 Ww. 
9 SW. 
1899...-...220. June 10 NE. 
8 
4 : 
July 6 S. 
5 SW. 
NG OOM csi ciasie. sii 8 July 9 11 SE. 
9 9 SE. 
) 4 SE. 
1902.....---0- July 5 3 SE. 
7 4 SE. 
7 4 SE. 
6 5 
7 9 
9 9 
5 5 S. 
: 7 4 SE. 
7 3 SE. 
5 4 NE. 
v4 7 E. 
9 6 SE. 
DO Sievecleiele\clelele July 7 9 Ww. 
5 6 WwW 
6 6 NW. 
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Tatle 6 - Continued 


Meteorological data - Key West 
Moon's 

Year Month Swarning | Wind velocity | | Wind velocity | Wind direction 
phase 


9 
8 
7 
U 
2 
1906........... 9 
7 
7 
9 
7 
MENU 656000000000 9 
0 
13 
UMOB}s600000000C 
9 
9 
7 
8 
4 
3 
1 U 
3 
4 
3 
7 
9 
1909.....seee0 5 
4 
4 
12 
NODoo500000000 
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Table 6 —- Continued 


Meteorological data - Key West 


Year Month ; ” Bwarming Wind velocity | Wind direction 


= 
vo 


wooe’rseuowvswwoinwpnonrveomaooa4»eod#snan ves & 


July 
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Year 


1916 - eont.... 


1922... 2 cece | 


1923 .....2 0000. 


B25 Sal ovetereiceuene 
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Month 


June.. 


| July..| 


guly.. 


July.. 


Table 6 — Continued 


| July a 
cont. | 
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| Meteorological data - Key West 


7 Wind velocity | Wind direction 
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Meteorological data - Tortugas: 
Wind force and direction 


Fresh; NE. 
Moderate; NE. 
Light; SE. 
Fresh; NE. 
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Table 6 -— Continued 
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Fresh; E. 
Moderate; 
Calm 
Fresh; SE. 
Moderate; 


Light; E@¢ 


Light; E. 
Light; E. 
Light; E. 
Light; E. 
Light; E. 


Light; SE. 


Light; SE. 


Light; SE. 


Light; NE. 
Light; NE. 


Moderate; 


Moderate; 
Moderate ; 
Light; E. 
Light; W. 
Light; W. 


Moderate; 


Light; SE. 


Light; SE. 
Moderate; 
Strong; E. 
Moderate; 
Light; E. 
Moderate ; 
Light; E. 
Light; SE. 
Light; E. 
Light; E. 
Light; E. 
Light; E. 
Light; NE. 


Ss ° 


SE. 
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4 Meteorological data - Tortugas: 
Wind force and direction 
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Table 6 —- Continued 


Meteorological data - Tortugas: 


Month Day Boones warmin 
S 2 | 
phase |} 7 Wind force and direction 


ANS EERE July.. Lg Alas Khas ac a Light; E. 
$ © 0 © © © © © fe © © 6 8 8 Light 5 1D) 6 
fooooo000 looooodc Light; EF. 


Moderate; SE. 
do00c0d|lo00G0000 Light ; 
coon do00l0000000 ent 

APCS NOLOtE, © Light; 

Light ; 

Light ; 


He £zose yy 


5000000 Light ; 
NEBGoosaoscacodcoo | Malyood) & Hoooadocolloccooac Strong; NE. 
Dae em Ree res ees Uh Fresh; E. 
5000000 Moderate; NE. 
Siva ell lieatens Moderate; E. 
5000000 Light; SE. 
Fresh; S. 


Although the meteorological data from Key West are unsatisfactory, 
they constitute the only information available for the years in ques- 
tion. They must of course be used with discretion. Fortunately paral- 
lel data are available from both Key West and the Dry Tortugas after 
1925, and a comparison shows that, in general, there is a correlation 
between the records of wind velocity and a fairly close correlation 
between the records of wind direction in the two locations. 

There is no means of definitely ascertaining whether all records of 
swarming from 1898 to 1924 were made at West Loggerhead Reef. In the 
absence of any definite mention of Bird Key Reef or any note of dif- 
ferences in swarming over the two reefs, it is assumed that swarming 
would be observed over the more accessible reef. This would be West 
Loggerhead Reef, lying just beyond the dock of the Laboratory, a fa- 
vorable point for early morning observation, rather than Bird Key Reef, 
4 miles away. 

If the above assumptions are correct, there is a correlation between 
swarming, as reported up to 1924 at the Dry Tortugas, and wind veloc- 
ity. Swarming did not occur during the night following a day when the 
wind velocity reached more than 8 miles an hour. When the wind veloc- 
ity reached 10 or 12 miles an hour for a few days, swarming did not oc- 
cur until the wind had decreased for 2 or more days. If a large swarm 
appeared one night there was usually a second smaller swarm on the fol- 
lowing night unless the wind increased in velocity to 10 or more miles 
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an hour, in which case swarming was not repeated the next night, e.g., 
July 10 and 24, 1905; July 8, 1909; July 15, 1916; etc. Thus the data 
indicate that there is a relation between Swarming and the calmness 
of the water due to low wind velocity. 

From 1925 to 1931 meteorological data from the Dry Tortugas can be 
more reliably correlated with swarming (table 6), but owing to the ab- 
sence of an anemometer, the records of wind velocities are not exact. 
However, by the Beaufort wind scale, calm would indicate less than 1 
mile per hour; light, 1-7; gentle, 8-12; moderate, 13-18; fresh, 19- 
24; and strong, 25-31 miles an hour. 

In 1925, winds preceding the last quarter moon on July 12 were light 
to moderate and the worms swarmed 2 days before the quarter moon. In 
1929, there was a period of light wines from the east or southwest from 
June 24 to July 4. Worms swarmed om successive days from June 28 to 
July 4, when the wind shifted to the northeast and increased to mode- 
rate on July 6. This caused turbulence over West Loggerhead Reef’, and 
swarming ceased. At the time of the first quarter moon on July 13 the 
wind was moderate, and swarming did not occur again until July 17, when 
the wind decreased to light. 

In 1930 a period of moderate to strong winds preceded the first quar- 


‘ter moon on July 3, and no swarming occurred at this phase of the moon. 


The Last quarter moon of July 18 was preceded by a number of days with 
light winds, and swarming took place 2 days before the quarter, on 
July 16. 

The conditions in 1931 are particularly significant. The period from 
July 1 to 4 was characterized by light winds, and swarming took place 
on the latter date, although the last quarter moon did not occur un- 
til July 7. On July 4, the wind increased to moderate and swarming 
ceased. Following a period of light winds on July 5, 6, and 7, swarm- 
ing was reported again on July 8 and 9. 

In the years 1925 to 1931 the particular day on which swarming oc- 
curred seems to have been determined by the pre-existing wind condi- 
tions. 

During the summers of 1937, 1938, and 1939 careful observations sup- 
plemented by daily tows were made over West Loggerhead and Bird Key 


reefs. The results as related to wind conditions are given in table 7 


and figures 6, 7, and 8. 

The observations are much more comprehensive than the previous ones. 
Two areas were studied for comparison, and with the installation of an 
anemometer at the lighthouse on Loggerhead Key, wind velocity could be 
measured accurately. Consequently, conclusions drawn from these data 
are more accurate and should show more specifically the influence on 
swarming of water turbulence due to wind velocity. 

In 1937, a major swarm was predicted and looked for at about the time 
of the last quarter moon on July 1. A southwest storm with a wind ve- 
locity of 20 miles an hour began on June 29 and lasted until July 12 
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Table 7. Showing relation of eggs recovered in tow to wind velocity 


1938... 


and direction during 1937, 1938, and 1939 


(L.Q0., last quarter; F.Q., first quarter) 
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Meteorological 
data -Tortugas: 


Wind velocity 
and direction 
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Table 7 - Continued 
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Meteorological 
data - Tortugas: 


Wind velocity 


and direction 


12, E. 
16, SE. 
14, S. 
Caln 
10, SW. 
5, W 
9, E 
12, 
Shei. 
6, SE 
35 Bo 
8, W 
4, SW. 
SPmroiwee 
Calm 
4, W. 
4, SW. 
BO, Se 
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6 OSE. 
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Meteorological 
data - Tortugas: 


Swarming 


Moon's 


Year Month} D 
oh ay phase 


Wind velocity 


West Loggerhead 
and direction 


Bird Key 
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with the wind veering to the east. The wind dropped to 6 miles an hour 
on July 13, and a few eggs were found over Bird Key Reef. Eggs may 
have been present over West Loggerhead but were not found. The next 
day few eggs were found over West Loggerhead but they were numerous 
over Bird Key Reef. On July 14 the wind shifted to the northeast, with 
the result that Bird Key Reef was sheltered and West Loggerhead ex- 


WIND VELOCITY 


APPROXIMATE EGGS IN TOW 


1937 


Fig. 6. Relation of swarming of the Atlantic palolo, Leodice fucata, to wind 
velocity in 1937. B.K.R., Bird Key Reef; W.J.R., West Loggerhead Reef. 


posed. A major swarm occurred over Pird Key Reef, with eggs forming 
windrows several hundred yards long and many yards wide by midmorning, 
but only a few eggs were recovered over West Loggerhead. During the 
next day the wind shifted to the east and a few eggs were recovered 
over each reef. Sexually mature worms had all swarmed by July 15 over 
Bird Key Reef, for no eggs were recovered during the rest of the sum- 
mer, nor were sexually mature palolo found in rocks (see table 5). 
With continued light winds the next day from the east, eggs were fair- 
ly numerous on July 16 and few on July 17 over West Loggerhead Reef. 
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Although wind conditions were favorable, the swarming stimulus was 
lacking, and no eggs were found until July 27. Swarming was to be ex- 
pected about the time of the full moon of July 23 (see July 14, 1916, 
table 2), but wind apparently prevented swarming. The wind slowly de- 
creased until on July 26 it was only 4 miles an hour. On July 27 nu- 
merous eggs were found in tow. The same day, the velocity of a south 
wind. increased to 10 miles an hour, and no swarm occurred on the next 


WIND VELCCITY 


APPROXIMATE EGGS IN TOW 


1938 


Fig. 7. Relation of swarming to wind velocity during 1938. 


or the 3 succeeding days, July 29, 30, and 31. On the 29th and 30th 
the wind was in the southwest, so the water over West Loggerhead Reef 
was choppy. On the 31st the wind veered to the southeast, West Log- 
gerhead was protected, and during that night some swarming took place, 
as shown by eggs in tow on August 1. 

It is obvious that in 1937 the palolo swarmed around the quarter 
moon phases, but only when wind velocity was low or the reefs on which 
the worms were studied were protected from wind action. 

During 1938 a similar condition existed, A strong east and south- 
east wind before the last quarter moon on June 20 probably prevented 
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swarming over both reefs.° On June 20 the wind veered to the south so 
that West Loggerhead was protected, and the next morning a few eggs 
were found in tow. June 21 was calm, and eggs were numerous on June 
22. During the day a strong southwest wind blew, so that West Logger- 
head Reef was exposed. No eggs were found during the next 2 days over 
the reef. On June 23 a very few eggs were taken over Bird Key Reef, 
it being protected from a 5-mile west wind. On the next morning, June 


WIND VELOCITY 


APPROXIMATE EGGS IN TOW 


1939 


Fig. 8. Relation of swarming to wind velocity during 1939. 


24, eggs were fairly numerous. During the period of the new moon on 
June 27, although wind conditions seemed satisfactory for swarming, 
eggs were rare over both reefs. On July 2 there was a calm, and the 
next night a major swarm occurred over West Loggerhead, the day before 
the first quarter moon of July 4. Except for small numbers of eggs 
appearing sporadically, usually after a few days of light wind, swarm- 
ing ceased over West Loggerhead Reef. 

5T he reproductive products of worms on Bird Key Reef may have been immature 


at that time. See discussion under "Maturity as a Factor Influencing Swarn- 
ing." 
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Although wind conditions seemed suitable for the occurrence of a ma- 
jor swarm over Bird Key Reef on July 3 or 4, no swarm materialized. 
The possibility of other factors preventing swarming will he discussed 
later. Wind conditions on July 5 and 6 were distinctly unfavorable, 
with a 20-mile. south and southwest wind making the water at Bird Key 
Reef extremely choppy. No eggs were found on the morning of July 6 
and they were rare on July 7. On July 7 and 8 the wind moderated, and 
the improved condition was reflected in the recovery of a fairly large 
quantity of eggs on July 9. Then the wind increased to 10 to 14 miles 
an hour until July 13. Eggs were rare on the 10th, 11th, and 18th and 
absent on the 12th. On July 13 and 14 the wind moderated to 4 miles 
an hour and on the latter night a major swarm occurred. The eggs were 
as numerous as on the morning of July 14, 1937 over Bird Key Reef, and 
the swarm resembled those described by Mayer (1908), Grave and Burken- 
road (1929), and others. On July 16 new eggs were fairly numerous. On 
July 17 there were a few eggs. Frem July 17 until July 26, when the 
authors left the Laboratory, heavy winds blew from the east or south- 
east. It seems particularly significant that no eggs were recovered, 
although on July 23 a few sexually mature individuals were broken out 
of rocks. The fate of other such individuals was undetermined. 

During 1939 observations were continued and extended. From before 
June 15 until June 21 wind velocity exceeded 9 miles an hour. No eggs 
were found. The first eggs during 1939 were secured on June 22 over 
West Loggerhead Reef, with an 8-mile wind. The next day eggs were 
found over both reefs. The wind dropped to 5 miles and came from the 
northeast, so West Loggerhead was exposed and Bird Key Reef was pro- 
tected. On the next day, Jume 24, the day of a first quarter moon, 
eggs were few over West Loggerhead but fairly numerous over protected 
Bird Key Reef. During the same day the wind increased to 10 miles and 
veered to the northwest. Reproduction ceased over West Loggerhead and 
very few eggs were found over Bird Key Reef on June 2 and 26, although 
the wind dropped. On June 27 eggs were numerous over West Loggerhead 
although few were secured from Bird Key Reef. 

From June 27 until the morning of July 6, general wind conditions 
were almost ideal for swarming. However, except for the taking of 
abundant eggs over West Loggerhead Reef on July 1, the day of the full 
moon, and over Bird Key Reef on July 2, the worms reproduced in lim- 
ited numbers until July 5, when eggs were again abundant over Bird Key 
Reef, and July 6, when a tremendous swarm occurred over the same area, 
3 days before the last quarter moon of July 9. The same day a 12-mile 
northwest wind arose, continuing from the southwest, south, and south- 
east, until July 11, during which time eggs were few or rare. On July 
12 the wind dropped to 5 miles and eggs were numerous over West Log- 
gerhead Reef and fairly numerous over Bird Key Reef. With calm weather 
on July 18 and a S-mile wind on July 14, eggs were fairly numerous on 
the 13th and numerous on the 14th. A 15-mile wind on July 15, slightly 
decreasing to 13 and 12 miles on July 16 and .17, may have been the 
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cause of the lack of eggs over both reefs on July 16 and 17 and their 


rarity over West Loggerhead Reef on July 18. On July 18 and i9 the 
wind decreased to 6 miles an hour, and, although few eggs were taken 
over West Loggerhead Reef, they were fairly numerous on July 19 over 
Bird Key Reef. A small number of eggs were found over both reefs on 
July 20. From the latter date until the close of observations on July 
2%, strong winds prevailed and no eggs were found. 

In addition to the general changes in wind velocity, it was felt that 
local changes of short duration may have had some effect on swarming. 
The following observations on reproduction as related to sudden wind 
changes show their importance: 


Night of duly 8-9, 1939 


On the morning of July 8 a brisk south wind veered to the east and 
dropped about 4:00 p.m. The water was quite calm until 9:30 p.m., when 
@ rain and wind squall blew up frem the south. About 11:00 p.m. the 
wind dropped again and the water became less choppy. At 1:00 a.m a 


single epitoke was seen and tow gave a few eggs. At 2:30 a.m. a brisk 


wind from the south continued for the rest of the eee Tows at 5:00 
to 5:15 a.m gave only a few eggs. 


“Wight of July 9-10, 1939 


July 9 had a brisk wind from south, water choppy. From 8:30 to 9:00 
pom. wind decreased but no eggs in tow. Between 9:30 and 10:15 p.m. 
wind freshened and no eggs in tow. 10:30 p.m. to 1:;00a.m. wind dropped 
considerably, water less choppy. At 1:00 a.m saw two male epitokes 
and took few palolo eggs in tow. After 1:30 a.m. wind increased con- 
siderably and no more epitokes were seen. At 8:30 a.m. of the morning 
of July 10 few eggs in 4- to 1@-cell stage in tow. 


Hight of July 11-12, 1939 
During the morning of July 11 a moderate southeast wind dropped so 


‘water was only slightly ruffled. Towed 8:45 to 9:15 p.m., found few 


palolo eggs in 1- and 2-cell stages and at 9:30 found some with 2 and 4 
cells. About 8:30 p.m. wind freshened from the north and water gradu- 
ally grew choppy. Windcontinued and water grew rougher until 4:00 a.m. , 
when wind decreased and veered to the east. Afteri10:30 p.m. four swim- 


ming epitokes were seen, the last at 1:00 a.m., although observations 


were continued until 5:45 a.m. At 8:30 a.m. eggs in 8-,, 16-, and 32- 
cell stages were numerous in tow. 

Reproduction began early in the evening but with an increasing north 
Wind, and swarming stopped about an hour after midnight when the weter 
became quite choppy. Although the wind decreased after 4:00 a.m., no 
further swarming took place, as indicated by the absence of eggs in 1-, 
2-, or 4-cell stages in the morning tow. 


Night of July 12-13, 1939 
The gentle east wind of the morning increased and veered tothe north- 
west and water was choppy. Between 9:00 and 9:40 p.m. wind somewhat less. 
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Towed 9:00 to 9:15 p.m. and found few eggs in tow. At 9:20 and at 9:25 
p.em. saw one epitoke. At 11:00 p.m. wind freshened and no further epi- 
tokes were seen. The wind died down toward morning but apparently no 
epitokes swarmed in the latter part of the night, as there were no eggs 
with less than 32 cells in the morning tow. 


The above observations show that a change of wind velocity of short 
duration, too local to be recorded in meteorological data, may have an 
effect on swarming. These local changes in wind direction and velocity 
may have prevented swarming in past years on days when weather records 
indicate that favorable conditions existed, e.g., June 30, 1899; July 
10, 13, 1902; July 19, 1908; July 10, 1914, etc. 

The present investigation showed that during 1937, 1938, and 1999, 
wave action prevented swarming if the wind velocity exceeded 8 miles 
an hour on the day before the swarm unless the reef was protected (ta- 
ble 8; figs. 6, 7, 8). Differences in amount and time of swarming over 
Bird Key and West Loggerhead reefs were due to differences in exposure 
of the reefs to wind action. 


MATURITY AS A FACTOR INFLUENCING SWARMING 


The records in tables 2 and 4 show that June 28 is the earliest date 
on which major swarms are noted and July 28 the latest. Table 8 gives 
the ratio of the number of swarms to the first and third quarter phases 
of the moon for successive S-day periods between June 28 and July 27 
for those years fram 1898 to 1939 for which swarming records are avail- 
able. The ratio increases to a maximum about the 8th of the month and 
then begins to decrease. This can be interpreted to mean that palolo 
tends to swarm after the quarter moon during the first part of July and 
to swarm before the quarter moon during the latter part of the month, 
indicating that as the season advances there may be changes in the ani- 
mals making them more sensitive to the stimulus initiating swarming. 
This may be the reason why worms do not swarm to the stimulus of, the 
first quarter moon when it occurs in the early part of July, but may 
swarm if it occurs later, although the first quarter moon may be sub- 
sequent to dates on which worms had swarmed in other years in conjune- 
tion with the third quarter moon. In 1910 and 1929 palolo swarmed on 
June 29 and 30 on last quarter moons, but since 1898 the first quarter 
moon has occurred nine times between June 28 and July 5 with only a 
single swarm recorded, on July 3, 1938, over West Loggerhead Reef but 
not over Bird Key Reef.” However, a first quarter moon on July 6 or 


Sin 1988 freshly laid eggs were found (table 4) on June 21 and for sone days 
thereafter. Some few worms may anticipate the above date. 

It should be remembered that there was no major swara over West Logger head 
Reef in 1937. 
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later may result in a swarm, as for example in 1906, 1908, and 1929. 
In 1905 the first quarter moon occurred on July 9 and swarms occurred 
on the 9th and 10th; in 1908 a swarm occurred on July 10 with the first 
quarter on July 6; and in 1939 swarms occurred on July 17 and 18 with 
a first quarter moon on July 13. But in 1902, 1910, 1916, and 1924 
there were first quarter moon phases on July 11, 13, 8, and 9 respec- 
tively without record of swarming. The year 1910 is somewhat excep- 
tional in that swarms had occurred previously on June 29 and 30 at the 


Table 8. Showing the relation of all swarms recorded from 1898 to 1936 
to the occurrence of the third quarter moon phase 
during successive five-day periods from June 28 to July 27 


No. times 
third quarter moon 
occurred within period} 


5-day period No. swarms Ratio 


PA} ol diIUK? Fo agua 6dG66 
July 3 - July 7.........-. ae 
July 8 - July 12........ see 
July 13 - July 17.......... 
July 18 - July 22.......... 
July 23 - July 27.......... 


— Fm 202 DD oF WD | 
PD SS eS & 


third quarter on June 29. However, in 1929 an almost comparable con-— 
dition existed, with a third quarter moon on June 30 and swarming on 
June 28, 29, 30, July 1, 2, 3, and 4, but other swarms were produced 
on July 17 and 18 after the first quarter moon on July 13. 

It would seem from these data that palolo will not swarm until they 
have reached acertain stage of maturity and that after they have passed 
this period, they respond to the first suitable moon phase if other 
conditions are favorable. 

If it is postulated that the first quarter exerts less stimulus on 
swarming than the third quarter moon, then it is reasonable to suppose 
that palolo might be ready to respond to the third quarter but not to 
the lesser stimulus of the first quarter at any particular date early 
in the summer. If it be further postulated that there may be slight 
variation in rate of maturity from year to year, it would be reasonable 
to suppose that on occasion the rate of maturity would lag and during 
the same years the worms would not be ready to react to the stimulus of 
the first quarter moon early in July. 

The most general measure of the state of maturity at any date would 
be the time lapse since the previous year's swarming. If the worms 
Swarmed early one year they might be ready to yield a dense swarm on 
the first quarter moon the next year, and, conversely, if they swarmed 
late one year, they might not be quite ready to swarm on the first 
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quarter the following year. Such a theory is partially substantiated 
by the records. In 1907 (table 3) swarms occurred early, on July 2 
and 3. In 1908 a swarm occurred on July 10 near the first quarter. 
In 1915 a swarm occurred even earlier, on July 1 at the third quar- 
ter, and in 1916, although no swarm occurred on the first quarter, a 
dense swarm occurred on July 14 at the time of the full moon. Over 
Bird Key Reef a swarm occurred on July 10, 1986, and the next year a 
swarm occurred on July 14, one day before the first quarter moon. 

In general, if palolo worms swarm early one year they may swarm on 
a first quarter moon the next. Conversely, if swarming occurred later 
in the preceding year or the first quarter is relatively early,~ there 
is very little likelihood of swarming occurring at that time. Table 9 
is a summary of all records, 1898 to 1939, with the dates of the quar- 
ter moons occurring between June 28 and July 205, the date of the major 
swarm, the lapsed time in days from the swarm of the previous year to 
the quarters, and the lapsed time froin the major swarm of the previous 
year to the swarm of the year under consideration. Certain relation— 
ships appear. The shortest time between major swarms in successive 
years is 3533 days in 1905-1906, 1924-1925, and 1936-1937. The long- 
est intervals are 383 days in 1899-1900 and 385 days in 1929-1930. 
No swarm has been recorded as occurring at the first quarter moon if 
the major swarm of the year before took place less than 369 days pre- 
viously, e.g., 1936-1937 at Bird Key Reef. A decrease of even 2 days 
Seems to prevent swarming, e.g., 1910-1911. With the exception of the 
situation at Bird Key Reef in 1937, which will be discussed later, the 
major swarms at the first quarter always occur after the quarter and 
subsequent swarms always occur at the next third quarter. 

A major swarm occurred over Bird Key Reef on July 14, one day before 
the first quarter moon, with no swarming about the previous third quar- 
ter moon on July 1, although 356 days had elapsed since the swarm of 
the previous year. This demands comment. The high winds blowing con- 
tinuously from June 24 to July 3, with the resulting ground swell, ef- 
fectively prevented swarming. But swarming occurred on July 14, one 
day before the first quarter moon and 369 days after the swarm of the 
previous year. This is in essential agreement with past records, which 
show that swarming did not take place on a first quarter moon less than 
369 days after the swarm of the previous year. This case is excep- 
tional in that it is the only one on record where swarming did not take 
place about the time of a third quarter moon in July and a major swarm 
occurred before the next first quarter. This condition seems to have 
been due to the continuous high winds prevailing about the first of 
the month. . 

In 1938 a particularly anomalous condition seemed to be present. The 
weather conditions for the day of the first quarter moon of July 4 and 
the two previous days were particularly favorable for swarming over 
both West Loggerhead and Bird Key reefs (table 4). A major swarm oc- 
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curred over West Loggerhead Reef on July 3 but eggs were rare over Bird 
Key Reef. The time lapse was only 304 days after the 1937 swarm over 
Bird Key Reef. The absence of a swarm over that reef supports previous 
findings that swarming will not take place on a first quarter moon in 
less than 369 days after the swarm of the previous year. But a major 


Table 9. Showing the relation of the major swarm in any one year 
to number of days which have elapsed from the major swarm 
of the previous year and to the first and third quarter 
moon phases occurring after June 28 


(Data from tables 2 and 4. 8.xX.R., records from Bird Key Reef) 


Date of quar- l No. days fron 


ter moon phases 
after June 28 


No. days fron 


Year | previous year 
OE NOY to major swarmjto major swarm 
quarter lat 3d quarter 
1898-99.....- si reSULU Var Rar Nalrelverreuoveieiisuay even entells 357 
1899-1900.... Ai : 1 [Sea reer | 384 
1902-03...... | Jpooeooccsandss 358 
1905-06...... lJ a!o0 6:00 StL Cs AN Wa leant Cia Cale ete 353 
1906-07.....-. | Hsieadny eer pia Uistatecine wae a | uy eB nit clsts eloeecenne: ave 6 355 
1907-08...... I POUND YA eA OM eneieteveve shares cles 382 
1908-09...... 261 
(1909-10...... | | Testa Payee ela ktL On) | 358 
-'1910-11,..... [SERCH eo ANNI Bee eee 382 
eti-12.. 2... ete AME SLL Atal beaee saya aicich eevee | 356 
1914-15......| | Pear cwaveretreteu OILY eed int te lakaseel oie tiered te oliels | 355 
NOMS 1G, /0)s ! | 388 
1922-23...... looaoccoo dts? 9 Ipsoaaccgagcona 358 
1923-24...... Joo} bosoooonucdaar | 381 
IODA Ie G60. A Sal Tid Yell On |stecacsrs onereve cy ssi ts 353 
A@BOHNO so wo o Verona is terc cl PICS is EGihll Buch Aen eae aaa hiker 371 
LOVOsOal Ss Aglare Pe DULY AVA icchstercie ete ystesabel s 353 
1936-37 B.K.R. TN i | TORE NE eats Rene 
MOS SPB KRG | July an eo suley eZ OMe sie) siey one [OUD yy PG els oc. sh « ctolelsas 366 


1938-39B.K.R.jJune 23 |July 9 |......-.JJuly 6 |f..---- eee eee 356 


swarm did take place over West Loggerhead Reef. (Unfortunately, there 
is no point of reference for 1937 over West Loggerhead, as a major 
Swarm was not observed. The majority of worms may have swarmed some 
time previous to July 1, 1937, though this seems improbable, as num- 
bers of mature worms were broken out of rocks on July 4 (table 5). 
In 1989 the behavior of the worms over Rird Key Reef was in accord- 
ance with observations of the previous years. A major swarm occurred 
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358 days after the major swarm of the previous year and 3 days before 
the last quarter moon on July 9, after a period of relative calm. But 
over West Loggerhead Reef no major swarm occurred. At the last quar- 
ter moon of July 9 there had been a lapse of 370 days since the swarm 
of the previous year and a swarm was confidently expected. But on the 
night of July 6-7, when the worms swarmed over Bird Key Reef, a north 
wind arose and the water over West Loggerhead became choppy, a condi- 
tion which may have prevented swarming over this reef, while the former 
was protected. 

In summary, it has been found that during the early part of July pa- 
lolo tends to swarm after the quarter moon, while during the latter 
part of the month it tends to swarm before the quarter (table 8). Dur- 
ing some years, at quarter moon phases occurring early in July and with 
weather conditions seemingly suitable, no major swarm materialized. In 
all such cases less than 353 days had elapsed from the swarm of the 
previous year if it was a third quarter moon, or less than 369 days 
had elapsed if a first quarter moon. With one exception (1937) the 
worms always swarmed after the first quarter moon, and with one excep- 
tion (1937) , if they swarmed on the first quarter, they always yielled 
another large swarm on the next third quarter. This is in accordance 
with the theories that the third quarter moon is a more effective stim- 
ulus to swarming than the first quarter moon and that the sensitivity 
of the worms to stimuli inducing swarming increases with maturity. It 
Seems probable that the stage of maturity is a factor influencing the 
time of swarming. 


OTHER FACTORS POSSIBLY INFLUENCING SWARMING 


Various other climatic and environmental conditions were investi- 
gated. Among these were tides, cloudiness at night, temperalre, and 
the hydrogen-ion concentration of the water, all factors which influ- 
ence reproduction in some animals; but the results were not significant. 

Friedlaender (1898) believed that the Pacific palolo, Eunice viridis, 
Swarms as a result of negative geotropism through diminished water 
pressure at low tides. Izuka (1903) claimed that in the Japanese pa- 
lolo (Ceratocephale osawai) swarming invariably takes place just after 
the flood tide in the evening. This would suggest that tides might 
play some part in swarming in the Atlantic palolo, but no direct rela- 
tion could be found between tides and swarming. Mayer (4908) pointed 
out that wor-3 in rocks placed in floating live cars and consequently 
not subject to tidal action swarmed at the normal time. The state of 
the tide may have some influence on water turbulence induced by wind 
action, but this would be slight at the Dry Tortugas Islands. 

Except for whatever influence temperature has on the rate at which 
the worms mature, it seems to have no significant effect in determin- 
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ing the particular day on which swarming occurs under the conditions 
existing at, the Dry Tortugas Islands. 

Cloudiness at night was considered by Mayer (1908), but he elimi- 
nated it as a factor when he observed that worms swarmed when the moon 
was completely obscured. 

McClendon (1917), in a series of extensive studies, found "no rela- 
tion between pH and location, time or tide" at the Dry Tortugas. 


DISCUSSION 


The observations on swarming of the Atlantic palolo made during 1937, 
1938, and 1939 show that reproduction is not exclusively restricted to 
periods centering about the first or third quarter moon phases, as 
Mayer concluded, but may occur sporadically at almost any time during 
the moon's cycle except at the new moon. However, there is usually a 
Significant increase in swarming at the first or third quarter phase 
of the lunar cycle. Major swarms, during which many more worms repro- 
duce than at ail other times together, always occur within 5 days of 
the quarter moon with the one exception noted, that on the full moon 
in 1916. Consequently, in a consideration of the general problem of 
the swarming of this worm, it is proposed to confine attention to the 
major swarms except when the minor ones yield information pertinent 
to the analysis of the factors involved. 

The moon's phases undoubtedly are significant. Swarming about the 
quarter moon phases may be due to inhibition at other periods of the 
lunar cycle or may be due to a stimulus exerted at the quarters and 
not at other times. The end results would be essentially the same, 
but until more information is available, no decision can be made as 
to the mechanism by which lunar cycles influence swarming. However, 
the actual presence of moonlight is not necessary to initiate swarming 
(see "The Course of a Swarm"), so the series of events resulting in 
swarming must be influenced by the moon before that time. It is sig- 
nificant that the only swarm definitely reported elsewhere than at the 
Dry Tortugas occurred at Andros Island in the Bahamas on June 12, 1914, 
3 days before the moon's last quarter. Although the worms swarmed a 
month earlier there than at the Dry Tortugas, they showed the same re- 
lation to the lumar cycle. 

The influence, possibly stimulatory, exerted by the first and third 
lunar phases seems to differ in intensity in the two quarters. Re- 
ports are rare of swarming at the first as compared with the third 
quarter moon; swarming has taken place many times at the third quarter 
moon on dates preceding the date of the earliest recorded swarm on the 
first quarter. In no case has swarming occurred at the first quarter 
less than 369 days from the swarm of the preceding year, while worms 
have swarmed at the third quarter moon at 353 days (see "Maturity as 
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a Factor Influencing Swarming"). These considerations are in harmony 
with the idea that the third quarter moon has a greater positive ef- 
fect on swarming than the first quarter moon and with the idea that 
the worms grow increasingly sensitive to stimuli inducing swarming, 
even after the sexual products are mature. 

If all other factors are favorable, then the date of swarming is 
the date of the quarter moon whose stimulus is sufficient to cause 
the worms to respond, a condition depending not only upon the moon 
quarter but also upon the sensitivity of the worm. 

If worms after 353 days from the last annual swarm can be stimulated 
to swarm by a third quarter moon, and after 369 days by a first quar- 
ter moon, the increase in sensitivity during the interval must balance 
the decreased intensity of the stimulus of the first quarter. 

If only the two factors of relative stimulation efficiency of the 
first and third quarter moons and maturity were involved, swarming 
could be predicted as follows: Swarming would take place at the time 
of the first guarter moon occurring more than 369 days from the date 
of swarm of the previous year or at the time of the third quarter moon 
occurring more than 353 days from the swarm of the previous year. In 
any one year the worms would swarm at the phase of the moon first ful- 
filling these requirements, provided other conditions were favorable. 

Among the other conditions which must obtain is quiet water. Wave 
action and water turbulence, as influenced by wind velocity and direc- 
tion, prevent swarming at the Dry Tortugas Islands if the wind has a 
velocity greater than 8 miles an hour, unless the water is sheltered. 
Even after a swarm has begun wind may cause sufficient wave action 
to cause its cessation. Wind, or rather the resulting water turbu- 
lence, seems to‘be an important inhibitory factor in swarming, impor- 
tant enough, in fact, to prevent swarming completely (July 1, 1937) 
although other conditions seem satisfactory. 

Tides, to the extent that they induce or modify currents or change 
the depth of water and consequently contribute to water turbulence oc- 
casioned by wind, may play some part in determining swarming. Other- 
wise there is no evidence that change of water level, hydrostatic pres- 
sure, etc., caused by tides, influence swarming. 

It seems that the most important factors determining the time of 
Swarming in the Atlantic palolo are the lunar cycle, the maturity of 
the animal, and the amount of water turbulence. 


SUMMARY AND CONCLUSIONS 


As first approximations, Mayer's (1908) conclusions that the repro- 
ductive period of the Atlantic palolo is very limited and that repro- 
duction occurs between June 28 and July 26 within 4 days of the third 
quarter moon, unless the phase occurs late in July, when there may be 
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swarming on the first quarter moon, are correct. In years when major 
swarms occur, a large majority of the worms do reproduce on the same 
night, usually within 5 days of the quarter moon phase. Swarming data 
recorded since, with observations made during 1937, 1938, and 1939 at 
the Dry Tortugas, yield additional information and allow extension and 
nodification of Mayer's conclusions. The results may be summarized as 
follows: 


1. Worms may swarm sporadically and in small numbers at any phase 
of the lunar cycle except on or about the time of the new moon, from 
June 21 to August 1. 

2. A major swarm may not materialize but a series of minor swarms 
may occur, e.g., West Loggerhead Reef in 1939. | 

3. If a major swarm appears, it usually occurs within 9 days of a 
quarter moon phase. 

4. Worms, as they mature, show a change in the region of highest 
respiratory activity from the anterior end of the worm to the poste- 
rior end of the epitoke. 

39. Worms begin to swarm before 9:30 p.m. at the first quarter when 
the moon is above the horizon, and at about the same time at the third 
quarter when the moon is below the horizon. 

6. Swarming males appear to reach a maximum earlier in the night 
than the females. 

7. Swarming epitokes were observed swimming on the morning of the 
swarm until morning sunlight reached an intensity of 1095 foot-—candles. 

8. The date of heaviest swarming is not simultaneous over a wide 
region. In 1938 it occurred on July 3 over West Loggerhead Reef and 
on July 15 over Bird Key Reef. 

9. Weather data from Key West from 1898 to 1925 and from Dry Tor- 
tugas from 1925 to 1936 indicate, in general, that the swarming takes 
place only at a time of calm or low wind velocity, unless the water 
is protected. 

10. Information from a comparison of swarming over Bird Key and West 
Loggerhead reefs in 1987, 1988, and 1939, correlated with observations 
of wind conditions, shows that swarming does not. occur if wind velocity 
is grea.er than 8 miles an hour unless the reef is protected. This 
preverition of swarming is believed to be due to wave action and water 
turbulence. 

li. Differences in amount of swarming can be accounted for by con- 
sidering differences in the protection afforded the waters of the two 
reefs. 

12. Although swarming may have begun, increase in wind velocity pre- 
vents its continuation. 

13. Records accumulated from 1898 to 1939 show that worms never 
Swarm less than 353 days after the swarm of the previous year at the 
third quarter, or less than 369 days at the first quarter. 
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It is concluded that: 


1. Although reproduction occurs over a much longer period than was 
previously held, it is thought that the lunar cycle, maturity of the 
palolo worm, and wave action are the three main factors determining 
the time of a major swarm. 

2. The stimulating effect of the first quarter moon is less than 


that of the third quarter moon, as shown by the fact that palolo will 


not swarm at the first quarter until after developing for 369 days from 
the swarm of the previous year, while they will swarm at the third 
quarter after 353 days. 


3. This also indicates that the worms increase in sensitivity to 


the stimuli inducing swarming as they become sexually mature, and con- 
tinue to do so after the sexual products are ripe. 


4. Wave action and water turbulence above a certain level induced 


by wind will decrease or prevent swarming. The limiting amount of wave 
action is that effected by a wind of about 8 miles. an hour under the 
conditions obtaining at the Dry Tortugas. 
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THE REACTIONS OF THE ATLANTIC PALOLO, 
LEODICE FUCATA, TO LIGHT 


INTRODUCTION 


The Atlantic palolo worm, Leodice fucata, is normally found in crev- 
ices and burrows in dead corai or limestone beach rock from the lower 
levels of the intertidal zone to 150 fathoms. At certain times of the 
year, usually at the first or third quarter moon phases, the poste- 
rior sexual portions of the worms (the epitokes) back out of the bur- 
rows, break away from the anterior asexual portions (the atokes), and 
swim to the surface. This is known as swarming. Sometimes swarming 
reaches immense proportions and the surface of the ocean is covered 
with swimming epitokes. | 

Mayer (1902), Treadwell (1914), and others noted that the atokal re- 
gion of the worm was negative to light, while the free-swimming epitoke 
was positive. Mayer (1908, 1909) found that sexually mature worms 
shaded from moonlight for 2 or more days were prevented from swarming, 
but noted that under natural conditions, worms would swarm if the moon 
was completely obscured by clouds. Treadwell (1909) showed that shad- 
ing worms for 24 hours from moonlight did not prevent swarming, while 
Clark and Hess (1939, 1940) found that swarming may occur several hours 
before moonrise. 

Light is also a contributing factor (Mayer, 1900, 1902; Treadwell, 
1909; Bullington, 1930) to the rupture of the epitokes and the release 
of the sex products. 

No exact observations were made on the reactions of the worms: to 
light until Hess (1931) showed that the worms are negative to all or- 
dinary intensities of light but positive to very weak intensities; that 
if the brain is removed, they are negative to low illuminations to 
which they are normally positive, indicating that the brain functions 
in the positive response; and that the removal of the eyes, provided 
the underlying brain tissue is not injured, apparently does not affect 
the reaction to light. Hess suggested that the eyes may function as a 
visual organ rather than a photoreceptor. He also found that all seg- 
ments are sensitive to light, but that the segments are light-sensitive 
only on the median dorsal and lateral regions except at the extreme 
ends of the body. The segments are not sensitive to light in the mar- 
ginal regions between segments, or on the ventral surface except in 
the anterior and posterior region. 

As the swarming season approaches, Hess found that the caudal end 
of mature worms becomes positive to low illuminations and when sev- 


1The authors wish to express their thanks to the Carnegie Institution of 
Washington for the opportunity to work at the Tortugas Laboratory, and espe- 
Cially to Professor David H. Tennent, Executive Officer of the Laboratory, 
for continued interest and assistance in the work. 
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ered from the asexual anterior portion swims toward a weak light in 
a spiral path. 

The peculiarly complex opposed behavior in the two parts of the worn, 
the spectacular effect. of light on the shedding of sex products, and 
the well-known occurrence of swarming of the worm at certain phases of 
the lunar cycle in July lend additional importance to a study of the 
light reactions of this form. 

At the Dry Tortugas, Florida, one of the authors had opportunity to 
study the light reactions while carrying on experiments on swarming 
(Clark, 1937). Both authors continued the study in 19388 and 1939 in 
conjunction with further studies and observations on swarming (Clark, 
1988, 1939; Clark and Hess, 1938, 1939) . 


LIGHT SOURCES 


All observations on the light reactions were made in a darkroom or 
in the laboratory on dark nights after all illumination except the 
test lights had been extinguished. Observations made before 10:00 p.m. 
were usually made with a 100-watt, 110-volt Mazda lamp, the intensity 
being controlled by a calibrated Wratten neutral tint wedge and neutral 
tint filters, giving a range of 1:100,000 in intensity. After 10:30 
p-m., 50-watt, 32-volt lamps were used. A variable resistance in the 
line prevented gross fluctuations in voltage. The light intensity of 
the experimental source was checked constantly with a photocell and a 
Leeds and Northrup portable galvanometer. It is believed that the in- 
tensities given are accurate to within 10 per cent. 


LIGHT REACTIONS OF IMMATURE WORMS 


Immature worms taken from their burrows were placed in square glass 
aquaria in the darkroom for 6 hours’! dark adaptation. They were then 
tested in the aquarium with a horizontal beam of light of low inten- 
sity which was supported over a red light, so dimmed that the sil- 
houette of the worm could just be distinguished and its movements 
ascertained. 

The illumination was gradually increased until the animals respond- 
ed. In 27 observations, the threshold for the positive response varied 
from 0.0007 to 0.0015 foot-candle, with an average of 0.001 foot- 
candle. 

As the intensity increased, the animals gradually became negative, 
the threshold of the response varying from about 0.008 to 0.019 foot- 
candle, with an average of 0.01 foot-candle. 

The anterior two-thirds of 15 of the worms was severed from the pos- 
terior third. The caudal pieces did not respond until the light in- 
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tensity was increased to approximately that required to cause the 
worms to give a negative response. 


REACTIONS OF MATURE WORMS AND SEPARATE ATOKES AND EPITOKES 


Owing to the great difficulty of procuring complete sexually mature 
worms (Clark and Hess, 1940), only 17 complete worms were tested dur- 
ing the 18 weeks in which the work was in progress. The worms showed 
the same general response as the immature forms, being positive to 
weak illuminations of 0.001 foot-candle, and becoming negative at about 
0.01 foot-candle. A conspicuous difference between the immature and 
mature worms lay in the behavior of the epitokal segments as a loco- 
motor contraction wave passed over the junction between them. In the 
immature worms the contraction wave passed over the entire worm almost 
without diminution, while in the mature forms, both male and female, 
the contraction wave often died before more than a few epitokal seg- 
ments were passed, and the posterior end of the worm was pulled pas- 
Sively by the atokal portion. As the intensity was increased further, 
the epitokal portion suddenly began a series of prolonged, unoriented, 
convulsive twisting movements, originating at the posterior end. These 
movements continued until the epitoke became severed from the atoke or 
the epitoke became snarled and tangled into a knotlike. twisted mass. 
If part or the whole of the epitoke became separated, either it con- 
tinued the uncoordinated writhing movements until it ruptured, or it 
became twisted and snarled, or it swam toward the light with the pos- 
terior end foremost in a series of graceful spirals. Such swimming 
epitokes could be made to follow a light for hours, until they became 
exhausted or ruptured. 

Mature epitokes, when separated from the atokes, showed a response 
at a much lower intensity than when attached to the atokal portion. 
At intensities of about 0.0005 foot-candle the animals either responded 
by convulsive, knotlike, twisting and writhing movements or swam in 
Spirals toward the light. The epitokes continued positive to inten- 
Sities of at least 50 foot-candles. Both types of response were ini- 
tiated at the posterior end and are the result of the contraction of 
Similar muscular elements, but one was coordinated and resulted in 
movement of the epitoke as a whole, while the other was uncoordinated, 
resulting in ineffectual convulsive twisting and writhing movements. 
It was thought that the former behavior was found in the worms more 
nearly ready to swarm, for they often ruptured, shedding their sex 
products almost completely, while the worms exhibiting the writhing 
movements seldom shed sex products from more than a few scattered seg- 
ments. | 

No difference could be determined between the atokes with and with- 
out the sexual end in regard to the threshold and response, except as 
the response was modified by the stimulated epitoke as described above. 
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LIGHT AND THE SHEDDING OF SEXUAL PRODUCTS 


One of the most spectacular of the phenomena connected with the At- — 
lantic palolo is the shedding of the sex products by the free-swimming 
epitokes. Mayer (1902, 1908) describes the process succinctly as fol- 
lows: "When the sun is about to rise and the first faint rays of light 
fall over the ocean, the worms begin to contract violently, so that 
the sexual products are cast out through rents and tears in the dermo- 
muscular wall, and the torn and shrivelled cuticula sinks down to die 
upon the bottom." As pointed out by Mayer in the same papers, light 
is not a necessary factor, for free-swinming epitokes which were placed 
in a darkroom ruptured, but usually some hours after their fellows in 
sunlight. 

During the night of July 2-8, 1938, an abundant swarm of the Atlantic 
palolo appeared over West Loggerhead Reef, beginning about 9:30 p.m. 
and ending at 6:09 a.m. Details of the swarm are described elsewhere 
(Clark and Hess, 1940) but several observations bearing on the effect 
of light on the bursting of the epitokes merit consideration. At dawn, 
the rate at which epitokes burst increased markedly until 6:09 a.m., 
when the last one had shed its sex products. However, the light in- 
tensity had increased almost ten thousand fold before the last one had 
disappeared. | 

During the course of the swarm many free-swimming epitokes were 
brought into the laboratory, the threshold intensity necessary to 
evoke a positive response was found, and attempts were made to de- 
termine the intensity necessary to cause bursting. 

Free-swimming epitokes from the swarm orient to light, the threshold 
varying from 0.0005 to 0.1 foot-candle. As the intensity is increased, 
individuals swim in a straighter path with smaller spirals and continue 
to be positive up to 78 foot-candles, the maximum horizontal intensity 
used. Any piece of epitoke long enough to swim will orient and move 
toward a source of light, with the posterior end directed toward the 
light. However, pieces of epitoke with the posterior asexual end lack- 
ing show a higher threshold, varying from 0.001 to 0.1 foot-candle, 
than do complete epitokes or pieces containing the asexual posterior 
end. 

Lamps suspended over a 10-gallon round glass aquarium were used to 
test the intensity of illumination necessary to cause rupture of the 
epitoke. The range of intensities over which the epitokes ruptured 
varied from less than 0.001 to 103 foot-candles, the maximum inten- 
sity which could be secured with the experimental arrangement. Often 
epitokes would burst as they began to orient to the horizontal beam 
used in testing their threshold response. Many burst at intensities 
of 1 to 5 foot-candles, but numbers did not rupture at intensities of 
over 100 foot-candles. The observations in the darkroom substantiated 
observations made the next morning in the field, that wide variations 
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in the intensity necessary to cause bursting were found in any random 
sample of swarming individuals. 

‘It seemed possible that some internal factor or factors modify the 

response to light. Internal changes do take place, for Mayer (1908) 

pointed out that worms in the dark in still water eventually ruptured, 

but later than those which were exposed to light. The authors found 

that decreasing the temperature decreased the rate of the internal 
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Fig. 1. Relation between length of free-living existence of epitokes in the 
dark and intensity of light necessary to cause rupture and shedding of the sex 
products. The heavy vertical lines show the range of experimentally determined 
intensities. 


changes causing rupture and increased the length of life of the free- 
Swimming epitoke. 

To study the effect of the internal changes in the epitoke on the re- 
Sponse to light, it was necessary to know the time of the beginning of 
the free-living existence of the epitoke, an observation impossible to 
make on epitokes secured during a general swarm. On three occasions, 
however, worms in rocks enclosed in floating cars swarmed,. and the be- 
ginning of the free-living existence of the epitokes was determined to 
within 5 minutes. The epitokes were taken immediately to the darkroom 
and the following series of studies were made: (a) determination of 
the intensity necessary to cause rupture after various periods in the 


78 PAPERS FROM TORTUGAS LABORATORY 


dark; (b) determination of length of free-living existence when ex- 
posed to different constant intensities of continuous illumination. 

Usually five epitokes were used for each point in each series. The 
results are given in figures 1 and 2. 

It will be noted in figure 1 that the intensity necessary to cause 
rupture of the epitokes decreased as the length of the free-living ex- 
istence increased. From an intensity of approximately 100 foot-candles 
after a life of 1 Hour, the necessary intensity decreased to less than 
0.01 foot-candle at 4.5 hours. The most probable conclusion is that 


LogI FOOT CANOLES 
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Fig. 2. Relation between length of free-living existence of epitokes and in- 
tensity of light to which they are continuously exposed. The heavy horizontal 
lines indicate the range of length of life at the different intensities. 


changes take place in the epitoke that eventually result in its rup- 
ture. These changes result in increased sensitivity to those stimuli 
which contribute to, or may bring about, the shedding of the sex prod- 
ucts, of which light is one. 

Figure 2 illustrates this conclusion. Epitokes exposed to a low 
illumination have a longer free-living existence than those exposed 
to higher intensities, over 6 hours at 1 foot-candle and only 2 hours 
at 88 foot-candles. The shorter time before the rupture of epitokes 
at the same intensities in the first series of experiments is due at 
least in part to increased sensitivity resulting from dark adaptation 
in the group. 
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DISCUSSION AND CONCLUSIONS 


Although the Atlantic palolo may swarm occasionally at other times, 
_the greatest number of abundant swarms occur at the time of the third 
quarter moon. No swarms have ever been reported at the time of the 
new moon. This would indicate a lunar influence on swarming. The in- 
fluence might be indirect through the agency of tides, etc., or direct 
through the action of moonlight itself. Mayer (1908) and Clark and 
Hess (1940) present various observations eliminating tidal action as 
a possible factor. 

Moonlight reaches a maximum intensity of 0.02 foot-—candle at the 
full moon and about 0.002 foot-candle at the quarter moon (Smithso- 
nian Meteorological Tables, 1918). 

Immature worms are positive to intensities varying from 0.001 to 
0.01 foot-candle, after which they become negative. This means that 
the immature worms are confined to their burrows by their negative 
response during -the day and at night when moonlight intensity reaches 
approximately 0.01 foot-candle. Conversely, this means that they will 
emerge from their burrows to feed only during certain parts of the 
night. The length of the feeding period will be determined by the 
intensity and duration of the moonlight, both of which are determined 
by the lunar cycle. The atokal portion of mature worms has approxi- 
mately the same threshold for response and it, too, shows a periodic- 
ity in feeding related to the lunar cycle. Such a mechanism may be 
important as a means of forcing the sexual development of the worms 
into step with the lunar cycle, resulting in maturity and swarming 
at a definite phase of the moon. 

The response of the epitoke does not appear to add new information 
regarding the factors involved at the moment of swarming. 

The positive orientation to light of the free-swimming epitokes 
causes them to swim to the surface, where light is most intense. From 
the inauguration of their free-swimming existence until they rupture, 
the epitokes become progressively more sensitive to light which in- 
duces rupture. Coincident with the increase of sensitivity is the 
rapid increase of light intensity at dawn. The result is an almost 
simultaneous rupturing of the remaining epitokes, assuring a very ef- 
ficient mass shedding and fertilization of eggs. The efficiency of 
the mechanism is demonstrated by the short duration of even a major 
swarm after dawn (Clark and Hess, 1940). 


SUMMARY 


1. Immature worms and the atokal portion of sexually mature worms 
are positive to light intensities from about 0.001 to 0.01 foot-candle. 
As the intensity increases they become negative. 
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2. Moonlight reaches a maximum intensity of 0.J2 foot-—candle at the 
full moon and about 0.002 foot-candle at the quarter moons. 

3. Thus moonlight covers a range of intensities adequate to change 
the positive response of the worms to a negative response, so that 
they are confined to their burrows at night at certain periods of the 
lunar cycle. It is suggested that this may be one of the contributing 
factors causing sexual development to concur with the lunar cycle and 
major swarming to occur at definite quarter moon phases. 

4, Free-swimming epitokes are positive to all intensities of light 
used above the threshold of about 0.005 to 0.1 foot-—candle. 

5. Variations in the intensity of light necessary to cause epitokes 
to rupture and shed their sex products are due to increase in sensi- 
tivity to such light with increase in length of the free-living ex- 
istence of the epitokes. 

6. The efficiency of the responses of the epitoke in assuring mass 
fertilization is pointed out. 
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CYTOLOGICAL STUDIES ON THE STRUCTURE AND DIVISION OF THREE 
NEW CILIATES FROM THE LITTORAL EARTHWORM OF TORTUGAS 


INTRODUCTION 


At the Tortugas Laboratory during the summer of 1939 (Wichterman, 1939) , 
a study was begun of the protozoa that were found inhabiting the intestine 
of the littoral earthworm Pontodrilus bermudensis Beddard. The inves tiga- 
tion revealed the presence of three hitherto undescribed ciliates: Hystero- 
cineta pontodrila, n- sp.; Anoplophrya macronucleata, n. sp.; and Maupasella 
leptas, n. sp. The primary purpose of this paper is to describe the cili- 
ates and give an account of fission in each species. 

The investigation was continued at the Marine Biological Laboratory, 
Woods Hole, Massachusetts, and at Temple University. 

The author wishes to record his indebtedness to the Carnegie Institution 
of Washington for making this study at the Tortugas Laboratory possible, and 
especially to the late Professor David H- Tennent, Executive Officer of the 
Laboratory, for his kindly assistance. Credit is also given to the Biolog- 
ical Institute, Philadelphia, Pennsylvania, for aid given throughout the 


work. 


MATERIALS AND METHODS 


Materials. All three Species were found living in the intestine of 
Pontodrilus bermudensis Beddard, aremarkable marine earthworm of the inter- 
tidal zone of Loggerhead Key, Tortugas, Florida. The worms, which were very 
abundant, were found under partly covered windrows of decomposing eelgrass 
(Cymodocea manatorum) and turtle grass (Thalassia testudinum) from about 2 
to 15 cm. beneath the surface of the wet sand and at times very close to 
the water's edge. Such vegetation was thrown on the beach by the incoming 
tide and generally buried under a layer of sand. The worms clustered about 
this decaying organic matter, which served as food. 

Abundant material may be easily obtained by digging the worms from among 
this moist and decaying seaweed. Gowanlock (1930), who made an ecological 
and physiological study of this worm, also reported that they were abundant 
and that their distribution in nature is directly controlled by the distri- 
bution of windrows of Sargassum, which he believed constituted the entire 
food of this littoral oligochaete. There were fewer worms on the west- 
northwest side of the island near the boat dock than on the opposite side. 
This may be due to the fact that less vegetation is thrown up on that shore. 

Beginning on June 19, 1939, collections of worms were made daily from 
various parts of the island. The last collection was made on July 24,1939. 
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The collected worms, with a small amount of the wet sand in which they were 
found, were brought into the laboratory and immediately examined for intes-— 
tinal ciliates. | 

Methods. Observations were made both on living forws and on fixed and 
stained specimens. 

To obtain ciliates for study, the worms were washed free of sand with 
fresh clean sea water. For dissection, it was found most desirable to cut 
the worm into three sections, then to pin each section down to a piece of 
cork and slit the body wall. The intestine was then removed and teased 
apart, the ciliates being thus liberated for study in a small amount of fil- 
tered sea water. This appeared to be a favorable medium in which to study 
the living ciliates. 

For the permanent preparations, thin smears of intestinal contents were 
made on cover slips. Killing and fixing agents used were Bouin's and 
Schaudinn's fluids. Schaudinn's fluid was heated to 45° C., after adding 
5 per cent of glacial acetic acid. 

Mayer's haemalum, with occasional use of eosin as a counterstain, and 
Heidenhain's iron haematoxylin were the stains used, and gave very satis-— 
factory results. With Heidenhain's method, finer differentiation was ob- 
tained by using Tuan's (1930) modification, namely, destaining with a satu- 
rated aqueous solution of picric acid, then washing in ammonia water. 

After fixation and washing, most of the smears were carefully packed in 
vials of a diameter slightly larger than that of the circular cover slips. 
The cover slips were prevented from touching or rubbing by the use of cir- 
cular paper separators, after the method of Chen (1937). Such smeared 
cover slips were removed from the preservative (70 per cent alcohol) in the 


laboratory in Philadelphia and subsequently stained. 


INCIDENCE OF INFECTION 


Two hundred and thirty worms were dissected and examined. Of that num- 
ber, 64 per cent were infected with the new ciliates. Hysterocineta ponto- 
adrila was found in 52 per cent of the worms examined, Anoplophrya macro- 
nucleata in 30 per cent, and Maupasella leptas in only 4 per cent. When 
Hysterocineta or Anoplophrya was present, the infection as a rule was quite 
heavy. Generally a worm was parasitized with two different species, but 
Hysterocineta was found exclusively in 30.4 per cent of those examined, 
Anoplophrya in 9.1 per cent, and Maupasella in 0.44 per cent. Approxi- 
mately 0.87 per cent of the worms contained all three ciliates; 18.7 per 
cent contained Hysterocineta and Anoplophrya; 1.3 per cent contained Hyster- 
ocineta and Maupasella; and 1.3 per cent contained Anoplophrya and Maupa- 
sella. Infection with Maupasello was very light. 
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Generally the middle part of the intestine was the principal seat of 
infection for Anoplophrya, and the posterior region contained mainly Hys- 
terocineta. Beers (1938), working with intestinal ciliates of Fisenia 
lonnberéi, also found a regional specificity of ciliates for certain parts 
of the intestine. It is interesting to note that he observed a species of 
Hysterocineta which occupies a posterior region of the worm. On the other 
hand, Conklin (1930) recorded that specimens of Anoplophrya marylandensis 
were found only inthe anterior third of the intestine and were most numerous 
immediately posterior to the gizzard in the earthworms Lumbricus terrestris 
and #elodrilus caliginosus. 


HYSTEROCINETA PONTODRILA, n.- Sp. 
(Figures 3 to 9) 
General Structure 


For a historical review of the genus Hysterocineta and a table of com- 
parative data on the known species, see Beers (1938). Aysterocineta ponto- 
dmilta is the fifth species of the genus to be described to date. The 
ciliate is dorsoventrally flattened, with the dorsal surface slightly con- 
vex and the ventral surface concave. The anterior end tapers to a blunt 
point, and the posterior end widens to become truncate. Viewed from the 
dorsal or ventral (fig. 3) surface, the organism is somewhat pyriform in 
outline. 

Average dimensions of 50 fixed organisms taken at random: Length, 121 
microns (range, 87.3-157.5); width, 53 microns (range, 38.7-70.2). 

Behavior. The body is very flexible, and is only 29 microns thick. 
Living animals swim rather rapidly for a time, then attach themselves by 
their anterior ends to some host material. The anterior end is very thig-— 
motactic. Wnen Swimming freely, the body assumes a concave shape ventrally, 
and convex dorsally (fig. 4). In dorsal view, the ciliate appears curved or 
bent, the longer side of the body being on the left and the shorter arc on 
A walglngc 

Characteristic of the genus Hysterocineta is the posteriorly located 
mouth and associated ingestatory structures. On the left posterior margin 
of the body there is a deep tubular invagination, the cytopharynx, about 18 
microns long and 3 microns wide, which appears to lead directly into the 
cytoplasm (fig. 5). The opening of the slit is wide, and the extreme pos- 
terior part of the body forms a thin but narrow platform. A short distance 
fron this platform there is a row of close, stiff, curved cilia. These 
cilia Porm a continuous band about 3C microns long, starting at a region 


near the ingestatory canal and extending about halfway around the posterior 
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end. Cilia were not detected in the ingestatory canal. Cytoplasmic inclu- 
sions resembling food vacuoles may be found in the posterior region of the 
body only (figs. 3, 6)- Active cyclosis in the body proper is absent. 

Special structures. The characteristically inverted V-shaped sucker is 
found anteroventrad. The two "pads" which make up the sucker are not of 
the same size, the left pad being conspicuously shorter and slightly thicker 
than the right one. Measurements of a typical animal show the left pad to 
be 34 microns long by 16wide, and the right pad 41 microns long by 14 wide. 
Though the pads themselves are devoid of cilia, long cilia, measuring about 
7 microns, which beat posteriorly are found in the wedge-shaped depression 
between them. A definite fibrillar pattern (fig. 3) is noticeable in and 
below the pads of living as well as fixed and stained specimens. 

Vacuoles. The presence of vacuoles in the posterior part of the body, 
strongly suggesting food vacuoles, is worthy of mention (see figs. 3, 6). 
Nutrition appears to be mainly saprozoic, occasionally holozoic. Powdered 
carmine and Chinese ink were placed in the medium surrounding many speci- 
mens, yet after 2 hours no ingestion of these substances occurred; nor has 
ingestion of any organic material ever been observed. 

In the right posterior part of the body, a few to many small contractile 
vacuoles are present, which may coalesce and empty to the outside. There 
appears to be generally one larger or main vacuole into which the smaller 
ones empty. When this larger one contracts, it becomes smaller but does 
not entirely disappear from view. Contractile vacuoles are not generally 
Spherical; an average large one measured 20 by 14 microns and took about 4 
seconds to empty. Approximately 2 minutes pass between contractions of the 
vacuole. There may be as many as 5 smaller vacuoles operating independently 
and contracting at different times, but they are usually found in the same 
region of the body. ; 

Nuclei. A conspicuous macronucleus and micronucleus can be seen easily 
in the living animal. 

The macronucleus is very long, centrally located, and parallel to the 
long axis of the body, measuring 62 by10 microns (average of 50 specimens) . 
It is somewhat cylindrical in shape, with tapering blunt ends, and is gen- 
erally slightly constricted in the center. It is heavily granular, with 
very coarse as well as finer chromatin granules. 

Always on the left side of the center of the macronucleus and lying near 
its constriction is the oval micronucleus, which measures 4 by 3 microns. 
This body stains readily with nuclear dyes, and in the interphase stage 
appears as a clear homogeneous body surrounded by a nuclear membrane. 
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Division 

The abundant material showing fission permitted a detailed study of the 
process. Cytosomal division at the beginning appears markedly unequal, the 
anterior daughter being much larger than the posterior one (fig. 7). Toward 
the end of the process, however, division appears to be equalized (fig. 9). 
The first indication of division appears in the micronucleus, which divides 
mitotically. During interphase the micronucleus takes the nuclear stain 
intensely (fig. 3), but in early fission the deep stainability is lost as 
chromosomes are being formed. Soon after the first visible change in the 
micronucleus, a constriction is noted in the body, usually well below its 
mid-region. The constriction is first noted on the side of the body where 
the micronucleus is located (fig. 6). Although great numbers of mitotic 
stages were examined, the chromosome number could not be determined, owing 
to their large number, small size, and refractivity to stain. Nevertheless, 
well defined prophase, metaphase, anaphase, and telophase stages were ob- 
served (figs. 6, 7,8). Along with increased mitotic activity, further con- 
striction of the body occurs. It is only near the very end of the micro- 
nuclear division that the first constriction of the macronucleus occurs for 
its amitotic division (fig. 8). 

As division proceeds there is a general dedifferentiation of specialized 
structures, a phenomenon which is characteristic of most ciliates having 
‘such structures. The sucker, though never lost from view, is less conspic- 
uous. The cytopharynx at the posterior region becomes completely dediffer- 
entiated and is lost from view. A newly differentiated cytopharynx makes 
its appearance as a tubular structure in the posterior region of the divid- 
ing animal on the side opposite the micronucleus (fig. 6). Later a some- 
what similar tubular structure arises de novo in the anterior daughter 
(figs. 7, 8, 9). ‘Both new cytopharyngeal structures then shift their posi- 
tions gradually toward the side opposite where they were originally, and 
eventually they are found on the same side with the micronucleus. The con- 
tractile vacuoles of the parent are retained by the posterior daughter, and 
the anterior daughter forms a new set. A new sucker appears in the pos- 
terior daughter (fig. 9), and the anterior sucker is retained by the anterior 
daughter after undergoing some reorganization. 

Toward the end of division, the two daughters resemble each other very 
closely in size and shape. Finally the two break apart and each grows into 
a typical vegetative individual. 
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ANOPLOPHRYA MACRONUCLEATA, n.- Sp- 
(Figures 1, 2, 10 to 15) 
General Structure 


Size and shape. Anoplophrya macronucleata is an astomatous ciliate 
measuring (average of 50specimens) 101 microns in length (range, 70.2-148.5) 
and 69 in width (range, 52.2-85.5). See figure 10, and for side view fig- 
ure 11. 

The body of the ciliate is broadly pyriform, with the anterior end blunt 
and the posterior end pointed. A thin but definite ectoplasmic region about 
2 microns thick is present beneath the pellicle. This region is thickest 
at the broad anterior end. The body is completely covered with cilia. Cil- 
iary lines on the pellicle are closely set, being approximately 0.7 micron 
apart. Emanating from them are the cilia, which measure about 6 microns in 
length. Specialized structures such as a mouth, attaching organ, or spine 
are absent. 

Behavior. The ciliate moves about actively in a spiral fashion, and 
reminds one of Balantidium as it burrows through debris. Occasionally bits 
of debris cling to the posterior end. 

Contractile vacuoles. The contractile vacuoles are generally numerous. 
In 32 specimens observed at random, the average number was about 8 (range, 
4-11). It appears that the larger the ciliate, the greater the number of 
vacuoles. Their largest diameter before contraction is about 7 microns; 
after contraction, about 1.2 microns. They are never lost from view. The 
interval from one contraction of a given vacuole to the next is about 5# 
minutes, but the emptying of a vacuole takes about a second. 

Nuclei. The macronucleus, which is centrally located in this ciliate, is 
massive in appearance. In 50 measured specimens, the average length was 56 
microns (range, 31.5-97.2), and the average width 21 microns (range, 11.7- 
29.7). The shape is roughly triangular, the anterior end being very broad. 
The outer surface of the macronucleus is rough with many sharply pointed 
surfaces. Outlines of 20 drawings of the macronuclei (fig. 1) show the 
variations in shape and size of this body. There is a direct relation be- 
tween macronuclear size and the size of the ciliate; the larger the animal, 
the. larger the macronucleus (fig. 2). 

The macronucleus is coarsely granular and takes nuclear stains readily. 
At times the coarse granules appear to be in a matrix of fine, uniformly 
smaller granules. A "pocketed" condition of the macronucleus similar to 
that described for Paramecium trichium by Wenrich (1926) was occasionally 
seen in late division stages (figs. 138, 14, 15). Although hundreds of well 
Stained specimens were carefully examined for the presence of micronuclei, 
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Fig. 1. Variation in size and shape of 20 macronuclei of fixed and stained specimens 
of Anoplophrya macronucleata, selected at random and drawn with aid of camera lucida. 


such structures could not be identified with certainty. It would be easy 
for a small micronucleus to remain hidden in a cavity of the irregularly 
Shaped macronucleus. On the other hand, if a micronucleus were present, 


one would expect to see mitotic stages during division. 


Diviston 
The first indication of division in Anoplophrya macronucleata is a 
lengthening out of the macronucleus and the appearance of a constriction in 
the center of the ciliate (fig. 12). Later in the dividing process the 


prospective anterior daughter appears wider and longer than the posterior 


daughter, but toward the end of the process the division, as noted above, 
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Fig. 2. Relation between length of macronucleus and length of body in 50 fixed and 
Stained specimens of Anoplophrya macronucleata. 


takes on the appearance of an equal one (figs. 13, 14). During division, 
the contractile vacuoles are generally uniformly distributed, one half going 
to each daughter individual. | 

After fission is well under way, a change is seen to occur in the struc- 
ture of the macronucleus, and a quantity of residual macronuclear chromatin 
is cast into the cytoplasm, where it is absorbed (figs. 13, 14, 15). This 
phenomenon has been extensively reported for holotrichous ciliates by Kidder 
and his associates (Kidder and Claff, 1938). 


MAUPASELLA LEPTAS, n.sp. 
(Figures 16 and 17) 
General Structure 


The genus Maupasella was created by Cépede (1910) for the Single species 
M. nova, in which he described two distinct forms. One form was stocky and 
measured 82 microns in length including the fixing organ; the greatest 
width was toward the anterior part of the body, which measured 39 microns; 
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the astome tapered gradually toward the posterior end of the body. The 
long forms measured 117 microns in length and 18 microns at their greatest 
width; inthese forms, the tapering toward the posterior end of the body was 
very Slight. 

Measurements of only 9 specimens of ¥. leptas show the average length to 
be 72 microns (range, 45-94) and the average width 25 microns (range, 18-32). 

The ciliate is gracefully slender in shape (fig. 16). When seen from 
the side, one surface is concave and the other is convex. The anterior end 
terminates in a sharp spine, and the posterior end is blunt. 

Ciliary lines are prominent; about 40 to 50 are found around the body, 
parallel to its long axis. The cilia measure about 6 microns in length 
except at the posterior end, where they are much longer. At the extreme 
anterior tip of the protozoon and projecting off to one side is the sharply 
pointed spinous fixing cell orgar, measuring 6 microns in length. 

Contractile vacuoles. The contractile vacuoles are 3 to 4 in number. 
One or two may be located in the center of the body and the remainder may 
be placed posteriorly. Drawings by Cépede of ¥. nova show from 3 to 12 
contractile vacuoles. 

Nuclei. The macronucleus is extremely large and in the center of the 
organism, with its long axis parallel to that of the body. It is generally 
cylindrical in shape, measuring about 44 microns in length by 6 in width. 
The macronuclei of the short forms of ¥. nova, according to Cépede , measure 
69 by 5 microns; those of the ‘ong forms, 105 by 3 microns. 

The micronucleus of 4. levtas is a small oval body measuring approxi- 
mately 2 by 3 microns. It is located near the center of the macronucleus 
and to one side of it. 


Division 
Division of Maupasella leptas appears to be not unlike that of other 
Closely related species, so that little space will be devoted to descrip- 


tion of the process (fig.17). The anterior daughter retains the old spinous 
attaching structure, and the posterior daughter forms another one de novo. 


PRESENCE OF OTHER PARASITES 


Acephaline gregarines (figs. 18-20). Though the investigation was di- 
rectly concerned with the intestinal ciliates, some observations were made 
on stages in the life cycle of acephaline gregarines found in the intestine 
and seminal vesicles of the worm. 

Trophozoites, as seen in the living condition, are deeply granular and 
brown in color, are smooth, and measure 36 by 110 microns (fig. 18). Peri- 
Staltic contractions run along their entire length. The nucleus is not 
visible in the living organism. 
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The early gametocyst as seen in the living condition measures 176 by 248 
microns (fig. 19). Nuclei are visible in the deeply granular and dark 
gametocytes. Mature gametocysts measure 136 by 260 microns and are tightly 
packed with spores measuring 11 by 20 microns (fig. 20). 

Nematodes. Young nematodes were found in 33 per cent of the 230 worms 
examined. Much larger nematodes, which might have been adult stages of the 
young found inthe worms, were present in great numbers in the wet sand near 


the earthworms. 


DISCUSSION AND CONCLUSIONS 


For a detailed study of the taxonomy of astomatous ciliates, reference 
may be made to the excellent papers of Cheissin (1930) and Heidenreich (1935). 
It seems noteworthy that representatives of three genera of holotrichous 
ciliates are found in this marine earthworm, two of which are definitely 
astomatous and one, Hysterocineta, has ingestatory structures which may be 
in the process of evolution toward the astomatous condition. 

Neither encystment, conjugation, nor stages of nuclear division resembling 
autogamy or endomixis were observed in feces or in dissected worms. In an 
attempt to discover the life cycle of the ciliates, 10 worms were washed 
in filtered sea water and placed with some vegetation on wet filter paper 
in Petri dishes. Fecal material was examined periodically for the next 72 
hours, but cysts or other stages could not be found. On the other hand, 
nematode eggs were passed out by the worms in large numbers. 

The method of transmission of ciliates from one worm to another therefore 
remains to be discovered. Some simple experiments were made in an effort 
to throw light on this question. Infected worms were washed in filtered 
sea water and dissected. Then the ciliates were removed with a capillary 
pipette and placed in freshly filtered sea water. Twenty-three specimens 
of Hysterocineta when first placed in the water appeared to behave normally. 
Individuals were seen to swim about actively for about 3 hours, slow down, 
then die; a few, however, were found alive 6 hours after being placed in 
the water. Thirty-six specimens of Anoplophrya were similarly placed in 
sea water, where they appeared normal and active for about 3 hours. After 
that time, vacuolation gradually occurred, and the animals moved slowly, 
then died. A few, however, remained alive for nearly 8 hours. The compar- 
atively small number of specimens of Maupasella encountered in the study 
precluded experimentation. 

The absence of cysts from the feces and the apparent longevity of ciliates 
in sea water suggest that the infestation may be spread from one host to 
another directly without the formation of cysts. When a worm dies and de- 
composes, some ciliates undoubtedly remain alive in the decomposing body in 
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the wet sand. Such ciliates may readily be ingested with vegetation by 
other worms. If the ciliates are able to withstand the digestive action of 
the host worm, direct infection without the necessity of cysts may occur. 
| Gowanlock (1930) reports: "The experimental studies clearly established 
that this species of earthworm possesses remarkable physiological attri- 
butes involving a high degree of adaptation to sea-beach life. ... This 
earthworm was found to survive apparently unaffected temporary immersion in 
the sea to a depth of over 500 meters, exposure among. the coral reefs for 
22 days and submergence in shailow sea-water for the entire period of 74 
days available for these experiments. Its survival in conditions of lowered 
oxygen pressure induced by various methods demonstrated an astonishing 
resistance to a practically anaerobic environment." It would be of some 
interest to know the fate of the intestinal protozoa of such immersed worms. 
Gowanlock also recorded the role played by the sooty tern, Sterna ful- 
Sinosa Gmelin, and the noddy tern, Anous stolidus Linn., as vectors of the 
worm from island to island. Examinations for intestinal protozoa of worms 
not only from the keys making up the Dry Tortugas group, but from the 
Bahamas and West Indies as well, might throw considerable light on host- 


parasite relations. 


SUMMARY 


1. Three new holotrichous ciliates are described that were found inhabit- 
ing the intestine of Pontodrilus bermudensis Beddard, a remarkable marine 
earthworm of the intertidal zone of Loggerhead Key, Dry Tortugas, Florida. 
These ciliates are Hysterocineta pontodrila, ne sp-, Anoplophrya macronu- 
Cleata, n- spe, and Maupasella leptas, ne. sp. 

2- Division in all three species has been described and discussed. 
During the division of Anoplophrya macronucleata, elimination of macronu- 
clear chromatin occurs. 

3- Of 230 worms examined, 64 per cent were infected with the ciliates. 
Hysterocineta pontodrila was found in 52 per cent, Anoplophrya macronucleata 
in 30 per cent, and Maupasella leptas in 4 per cent. Generally a worm was 
parasitized with two different species, but Hysterocineta was found exclu- 
Sively in 30.4 per cent, Anoplophrya in 9.1 per cent, and Maupasella in 
0.44 per cent. 

4. Observations on the length of life of ciliates in sea water are 
recorded. 

5. Encystment or conjugation has not been encountered, but a method of 
transmission from one worm to another is suggested. 

6. The presence of stages in the life cycle of acephaline gregarines 
and nematodes was noted. 
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FIGURES 3 TO 20 


All drawings were made with the aid of a camera lucida from fixed and 
Stained preparations, except where indicated. Fixatives used: Schaudinn's 
fluid and Bouin's fluid. Stains used: Heidenhain's haematoxylin and Mayer's 
haemalum with occasional use of eosin as a counterstain. In printing, the 


drawings have been reduced one-half. 
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FIGURES 3 TO 9 


Hysterocineta pontodrila, n. sp. 


Fig. 3. Ventral view of typical vegetative ciliate, showing inverted 
V-shaped sucker at anterior end, with fibrils; also showing cilia, macro- 
nucleus, contractile vacuoles. Food vacuoles near posteriorly located 
cytopharynx. X 450. 


Fig. 4. Lateral view, showing thinness of body. Note tapering anterior 
end of macronucleus and lack of cilia on sucker. X 175.- 


Fig. 5. Free-hand sketch of posterior end of living specimen, showing 
detail of platform below cytopharynx. Observe stiff cilia on posterior 
edge of ciliate near cytopharynx. X 875. 


Fig. 6. Division, early stage, dorsal view. First evidence of constric- 
tion on left side of body; micronucleus in metaphase stage (note ¢chromo- 
somes). Food vacuoles and inclusions near old cytopharynx while new cyto- 
pharynx is being formed. X 450. 


Fig. 7. Division, ventral view. Micronucleus in anaphase stage. Con- 
striction of body clearly visible. Old cytopharynx completely ‘edifferen- 
tiated; two new cytopharyngeal structures are shown. X 450. 


Fig. 8. Division, dorsal view. Micronucleus in late telophase stage 
and macronucleus preparing to divide amitotically. Constriction of body 
conspicuous at this stage. X 450. 


Fig. 9. Division, ventral view. Micronuclear and macronuclear division 
completed. Newly differentiated cytopharyngeal structures shifting to 
usual positions on opposite side of ciliate. Note new sucker being 
formed in posterior daughter individual. Final stage prior to separation 
into two daughter cells. X 450. 
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FIGURES 10 TO 15 


Anoplophrya macronucleata, n. sp. 


Fig. 10. View of vegetative individual, showing pyriform body, cilia, 
and thick, clear ectoplasmic band at anterior end; also showing massive 
macronucleus and contractile vacuoles. X 550. 

Fig. 11. Lateral view, showing shape of body and macronucleus. Con- 
tractile vacuoles always visible close to one surface of the pellicle. X 235. 

Fig. 12. Division, early stage. Note constriction of macronucleus and 
body. X 550. 

Fig. 13. Division, later stage. Constriction of macronucleus and body 
well advanced. Note "pocketed" condition of macronucleus, and chromatin in 
cytoplasm. X 550. 

Fig. 14. Division, very late stage. Amitotic macronuclear division 
completed, with chromatin in cytoplasm. X 550. 

Fig. 15. Anterior daughter of recently divided individual, showing "pock- 
eted" condition of macronucleus, and extruded macronuclear chromatin in 
cytoplasm. X 550. 


100 


N 


WWUDALU A) N AWAY)’ 
WU UTADA ANR CAMEO 


3 


MN 


2 W\ 
TINT 
NIK] i) | 2 
IN NW} , N 


Wi \\ | | / 
gt Ley ANA 


SS 
\ 
\) \\\ 
\ 
“> 


Q > 
Z 
= = 
aA eS 
A = 
A — 


FIGURES 10 TO 15 


101 


FIGURES 16 TO 20 
Maupasella leptas, n. sp. 


Fig. 16.. Vegetative individual, showing slender, ellipsoidal shape, 
cilia (which are longer at posterior end), spinous attaching structure, 
macronucleus, micronucleus, and contractile vacuoles. X 850. 


Fig. 17. Division, late stage. Note dividing macronucleus and micronu- 
cleus, the latter surrounded by a nuclear membrane. X 850. 


Acephaline gregarine stages 


Fig. 18. Trophozoite, living; free-~hand sketch. Deeply granular and 
brown (masking nucleus). xX 250. 


Fig. 19. Early gametocyst, living; free-hand sketch. Deeply granular 
and dark, but nucleus visible in each gametocyte. X 250. 


Fig. 20. Mature gametocyst, living. Tightly packed with spores contain- 
ing sporozoites. X 250. 
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A NEW CILIATE FROM A CORAL OF TORTUGAS 
AND ITS SYMBIOTIC ZOOXANTHELLAE 


INTRODUCTION 


A ciliate found on the coral Funicea crassa E. and H.1 is here de- 
scribed under the name Paraeuplotes tortugensis, n. gen. and n. sp., and is 
placed in the family Paraeuplotidae, n.- fam. This species of coral is one 
of the very common members of the Alcyonaria fauna found throughout the 
Caribbean region, and occurs abundantly on the reefs about Tortugas, Florida 
(Hargitt and Rogers, 1900; Cary, 1917). The corals were found attached to 
"coral rock" and kept in large "live cars" that were held fast to the west 
dock of Loggerhead Key, Tortugas. Openings in the live cars permitted free 
circulation of sea water. 

Organisms crawling slowly on the surface of the coral were observed in 
abundance by Dr. Leonard B. Clark, of Union College, who brought them to 
the attention of the writer. Subsequent study showed the organism to be a 
hitherto undescribed ciliate (Wichterman, 1940). 


MET HOD 


A piece of the coral was placed in a finger bowl containing seawater 
and examined under the low-power binocular microscope. With a capillary 
pipette, the ciliates were removed and placed on a cover slip (24 by50 mn.) 
of a specially prepared slide for microscopical study (fig. 1). Another 


2 COVER GLE 2S (1) VASELINE SEAL 


24 


GLASS RODS FASTENED 
WITH BEESWAX 


Fig. 1. Diagram of special slide used for studying the dorsal and ventral aspects of 
Faraeuplotes tortugensis. The glass supporting rods are 800 microns in diameter, 2.5 cm. 
long, and fastened to the slide 40 mm. apart. 


cover slip of the same size was placed over the protozoa and the two covers 
were then sealed with vaseline and placed upon the parallel glass rods of 
the slide. This method of study proved very helpful, because the ciliates 
when placed on the glass cover slip quickly settled on their ventral sur— 
faces, and tightly packed zooxanthellae made detailed study of that surface 

The writer wishes to express his ANE to Dr. Le R. Cary, of Princeton Univer- 


sity, for correct identification of the coral. It is worthy of note that he recalled 
having seen ciliates in some numbers on various of the Alcyonaria in his work on corals. 
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difficult. With this special slide, both surfaces of the same ciliate 
could be studied in detail under the oil immersion lens by reversing the 
position of the joined cover slips on the slide. 


MORPHOLOGY OF PARAEUPLOTES TORTUGENSIS, n- gen. and n. sp. 


Paraeuplotes tortugensis is a hypotrichous ciliate, living individuals 
measuring on the average 85 microns in length by 75 in width. In outline, 
it is elliptical with broadly rounded ends; occasionally it is nearly cir- 
cular (figs. 2, 3, 4). Observed laterally, it appears highly convex dor- 
Sally and only slightly concave ventrally. 

Cilia are completely lacking from the dorsal surface (fig. 2), but 
on the ventral surface (fig. 3) there is a discontinuous circle of cilia 
which may enable the organism to adhere to surfaces. An arc of long, 
tightly packed cilia is anteriorly placed, and directly posterior to it are 
two tufts of long cilia. On the side opposite the peristome is a curved 
ciliary plate measuring 37 microns in length. Emanating from this struc- 
ture are very long cilia, which with the region of anterior cilia make a 
more or less continuous ring (fig. 3). Near the extreme posterior end and 
to the right side is found a cluster of 5o0r6 stiff spines or cirri approx-— 
imately 13 microns in length. 


The adoral zone of membranelles is conspicuously well developed, begin- 
ning at the right side and extending entirely around the frontal margin, 
then gradually entering the sunken peristome, which runs fairly close to 
the posterior end of the body at the ciliary plate. 

A single vacuole is found in the posterior region near the cirri. When 
expanded, it measures approximately 12 microns. 

The large, bandlike macronucleus (fig. 4) which is so characteristic 
of the Euplotidae is very conspicuous, but the micronucleus is not clearly 
differentiated. 

Fibrils (fig. 4) radiate from a point anteriad and pass to the ciliary 
plate and marginal wall of the peristomial membranelles. 

All the many specimens observed were closely packed with the yellowish- 
brown subspherical unicellular alga Zooxanthella, measuring about 12 microns 


in diameter. 


SIGNIFICANCE OF THE PRESENCE OF ZOOXANTHELLAE 


W. L. and M- M.- Doyle (1940), who have made an intensive study of the 
morphology and physiology of this alga, state that zooxanthellae contain "a 
plastid of reticulate structure having embedded in it a colorless pyrenoid 
surrounded by an amyloid (starch) layer, additional amyloid (starch) grains 
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containing no pyrenoid, an ‘assimilation product,' oil droplets, red pig- 
ment granules, crystals of calcium oxalate, and the regularly occurring 
nucleus, cell wall, and hyaline cytoplasm." 

The association between protozoa and zooxanthellae is widespread in 
nature, as is shown in the work of Buchner (1930). Zooxanthellae, in addi- 
tion to being present in protozoa, are found in Porifera, Coelenterata, 
Ctenophora, Turbellaria, Rotifera, Gastropoda, and Lamellibranchia. 

What is the nature of the symbiosis between the protozoon and the 
zooxanthellae it contains? Unfortunately, the ciliates were discovered too 
late in the season at Tortugas to permit experimental work, but much has 
been done by others on the physiology of symbiosis of unicellular algae 
and animals (Brandt, 1883; Pringsheim, 1928; Yonge, 1931, 1934, 1935; W. L. 
and M. M. Doyle, 1940). As pointed out by Yonge (1934), the zooxanthellae, 
in addition to gaining protection (if they are not digested), make use of 
the end products of animal metabolism, notably carbon dioxide, nitrogen, 
and phosphorus. The host, on the other hand, in the presence of light 
continually receives oxygen given off by the algae. Also fats and carbohy- 
drates may pass from the algae to the host to be utilized as food. Prings- 
heim (1928) has shown in Paramecium bursaria that organic matter may be 
passed from unicellular green algae (Zoochlorella) to the protoplasm of the 
ciliate, where it must unquestionably be used for food. 

The hypotrichous ciliates which were studied were free of organic food 
material other than zooxanthellae (some of which were in various stages of 
division), and the writer is therefore inclined to believe that the ciliates 
live by utilizing the products of holophytic nutrition of these symbiotic 


organisms. 
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FIGURES 2 TO 4 


All figures are of Paraeuplotes tortugensis, n. gen. and n. Sp-, as 
observed under the oil immersion lens, and were made with the aid of a 
camera lucida. Magnification, x 750. In printing, the drawings have been 
reduced one-half. 


Abbreviations 


AVC, anterior ventral cilia FPM, fibrils of marginal wall of 
CP, ciliary plate peristomial membranelles 
CPC, ciliary plate cilia MA, macronucleus 

CV, contractile vacuole OM, oral membranelles 

DS, dorsal swelling SP, spines 

FCP, fibrils of ciliary plate TC, tufts of cilia 

FM, frontal membranelles ZO, zooxanthellae 


Fig. 2. Dorsal view of living organism, showing general shape, structure, 
and closely packed zooxanthellae. 


Fig. 3. Ventral view of living organism, showing ciliation and struc- 
tures found on that surface. Zooxanthellae not shown. 


Fig. 4. Ventral view of ciliate stained with aceto-carmine to show 
macronucleus and fibrils. 
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THE ECOLOGY OF THE VEGETATION AND TOPOGRAPHY 
OF THE SAND KEYS OF FLORIDA 


INTRODUCTION, SCOPE, AND PROCEDURE 


This investigation is a study of the vegetation and some of the phys io- 
graphic features of about thirty of the islands of the Florida Keys, in an 
area extending west from Key West, Florida, and including the Dry Tortugas 
Keys. It is part of a series of studies of the plant ecology of southern 
Florida, the first of which dealt with mangrove vegetation and its signifi- 
cance in land building along the many inundated shores of this region 
(Davis, 1940). Athird study, on the Florida Everglades and adjacent areas, 
is in preparation. These three together constitute a comprehensive inves- 
tigation of most of the types of vegetation of this nearly unique subtrop- 
ical and south-temperate region of the United States. 

The islands considered here have been previously studied and described 
by Millspaugh (1907) and Bowman (1917, 1918). Millspaugh refers to them as 
the Sand Keys, and since this name is an apt one, it will be used here. 
Two atolls, namely the Marquesas Keys and the Tortugas Keys, and a group 
of small islands near Key West compose the Sand Keys. Because of their . 
relative isolation, small size, and subtropical location, these islands 
are very favorable microcosms for the study of a number of insular prob- 
lems, particularly vegetational changes. With Millspaugh's, Bowman's, and 
the present description, a series of observations will be available that 
will not only show past changes, but furnish a basis for future studies. 

Both the mangrove-swamp and the sand-strand vegetation of these islands 
are also typical of many mainland shores and islands throughout the trop- 
ics. The plant communities of which these two types of vegetation are 
composed are often ecologically equivalent throughout the world, though 
the floras of different regions may differ. Therefore, this description 
of the strand and mangrove vegetation here may contribute to other stud- 
ies of the plant ecology of tropical shores. 

Most. of the field work in this investigation was done during the summer 
of 1940, but a number of trips had been made to the region during 1937 and 
1938, and a final brief study of winter conditions was made in February 
1942. All the islands except six, in the group nearest Key West, were 
visited, the plant communities of which the vegetation is composed were 
studied, and some of the environmental factors were analyzed. Familiarity 
with the flora and the types of vegetation of other islands of the Florida 
Keys speeded the work. For the purpose of studying physiographic features, 
particularly topography, a simple method of plane-table surveying was used 


and maps of the topographic and vegetational features were made. On each 
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island a fairly accurate survey of the beach part of the coast was made, 
and where practicable, surveys were run inland from the beach. To these 
field data were added features obtained from the charts of the U. S. Coast 
and Geodetic Survey. Unfortunately no good recent charts are available 
and no aerial photographs could be obtained, so that the drawings given 
here are not so accurate as might be desired, as regards details. For this 
reason only major changes in shape, size, and elevation are considered. 

The descriptions and drawings given by Millspaugh and Bowman were com- 
pared with the observations and surveys of this investigation. Certain 
definite trends in the development of the vegetation could be noted. Top- 
ographic changes were more difficult to estimate because. although Mills- 
paugh's floristic descriptions were fairly complete, the drawings made for 
him by Lansing seemed to be very inaccurate in a number of instances. 
Bowman's study (1918) concerned only the vegetation of the Tortugas Keys, 
but his descriptions and maps were more accurate than Millspaugh's, so that 
the comparisons between past and present conditions in the Tortugas group 
are more significant than for the other islands. 

Although this was not essentially a floristic study, but rather one of 
the vegetational units or plant communities, the islands were small enough 
‘and the flora of sufficient uniformity for a nearly complete determination 
of the plant species. To determine the quantitative floristic features of 
each of the plant communities, the relative frequency, constancy, exclu- 
siveness, and other features of the species were studied. Transects and 
quadrats were used to obtain quantitative data. In addition, care was 
taken to find: (1) additions to or deletions from the flora; (2) changes in 
the major floristic features of each community; (3) some of the probable 
modes of dispersal of the plants. Dispersion was much emphasized by Mills- 
paugh, but not enough data were obtained in this study to make possible 
more than a few observations in this connection. 

Time and equipment were not sufficient to make very comprehensive stud—- 
ies of the environmental factors, but enough was learned of the most impor- 
tant ones to permit some significant analyses of environmental relations. 
Many persons have studied maritime conditions in this region, and some of 
their observations and conclusions were helpful in explaining the principal 


factors in the formation and development of these islands. 
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PART I. GENERAL DESCRIPTION 


LOCATION, TOPOGRAPHY, AND GEOLOGY 


The thirty-odd islands of the Sand Keys lie between 81° 48” and 82° 56’ 
west longitude, and between 24° 30” and 24° 40” north latitude. They are 
scattered over an area west of Key West, about 70 miles from east to west 
and 9 miles from north to south. As is shown in figure 1, the islands AO: 
in three fairly distinct groups: (1) a group of fourteen islands extending 
11 miles west of Key West; (2) a group forming the Marquesas Keys, an 
elliptic atoll 17 to 20 miles west of Key West; and (3) the most distant 
group, the Dry Tortugas Keys, 65 to 70 miles west of Key West. 

The group nearest Key West bears no special name, but most of the is- 
lands of which it is composed are named on the charts or by natives of the 
region. These islands are slight elevations above a broad bank of oodlitic 
limestone that extends westward from Key West harbor to the Boca Grande 
Channel. The southernmost islands of the group are arranged in a slightly 
curving chain from east to west, along the southern rim of the limestone 
bank. The other islands are scattered over a wide area to the north. 

The Marquesas Keys are based onthe same bank of oolitic limestone, which 
is called by some the Key West limestone and by others the Miami limestone. 
This great bank is an extension of the formation that underlies Florida 
Bay and forms the westernmost of the Florida Keys from East Bahia Honda Key 
to Key West. The limestone extends as a tonguelike plateau beyond the 
Marquesas Keys and possibly dips down and underlies the banks and reefs on 
which the Tortugas Keys are built. A distinct channel, the northwest chan- 
nel out of Key West harbor, cuts across the bank and separates the islands 
near Key West from the main chain of the Florida Keys. A broader and deep-— 
er channel cuts northward across the bank between Boca Grande Key and the 
Marquesas Keys. Between Rebecca Shoal, west of the Marquesas Keys, and the 
Tortugas Keys there are many miles of deep water, the bank if present dip- 
ping sharply. Over imuch of its area this submerged plateau of limestone is 
so near the surface that parts of it are exposed at the lowest neap tides, 
and it is possible to wade between some of the islands. This shallow-water 
bank stands only a few feet higher than the surrounding deeper-water areas 
and, as Cooke (1939) points out, "appears to have formed as a shoal in the 
sea during Pamlico [late Pleistocene | time because of the locally more rap- 
id accumulation of limy oolite ooze." Vaughan (1914) interprets the age of 
this rock differently, and considers it to have formed during the Pliocene. 
With reference to changes in sea level along this coast, he says: "The evi- 
dence is clear that the keys participated in the uplift and subsequent 
depression that affected the mainland and that at one time they stood more 
than thirty feet higher with reference to sea-level than they now do. This 
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uplift and subsequent depression, according to all available evidence, 
extended to the Tortugas." Cooke (1935, 1937) and the author are inclined 
to consider the present level as due to a rise in sea level during Recent 
time. Whatever may be the best interpretation of the geologic history of 
this region, the present islands are, with the possible exception of the 
Tortugas Keys, mainly formed by accumulations of detrital materials washed 
into certain localities by the currents and resting on this oolite lime- 
stone bank. On only one island, Boca Grande Key, is much of the limestone 
exposed at the surface, most of the other parts of the bank west of Key 
West being now submerged. 

- The two atolls of the Sand Keys are most interesting. The ten main is- 
lands of the Marquesas group form an ellipse which extends along a north- 
east-southwest axis and encircles shallows and interior lagoons. The Tor- 
tugas Keys are 45 miles west of the Marquesas group and are completely 
Surrounded by deep water. The islands themselves do not form a distinct 
atoll, but when the banks on which they rest and the banks near them are 
taken into consideration, the whole formation is seen to be an elliptic 
atoll similar in shape to the Marquesas atoll, but larger. The main el- 
lipse of the Tortugas atoll is formed by large banks around the rim of 
deep-water lagoons. The largest of these banks is in the northeast quad- 
rant of the atoll, forming a wide crescent, with one small island, East 
Key, resting on its southern horn. Another large bank is in the southwest 
quadrant, and on it rests the largest island of the group, Loggerhead Key. 

At both the Marquesas and Tortugas atolls there are three distinct chan- 
nels which enter the interior basins from the same directions, southeast, 
southwest, and northwest. At the Marquesas there are no coral reefs, but 
at the Tortugas living coral reefs abound. Ten distinct and some incipient 
islands lie around the rim of the Marquesas atoll, but at present there 
are only six islands in the Tortugas group, two others having recently 
disappeared. These two atolls were built up by similar currents and con- 
structional processes, which should be considered in some detail in order 
that their shape and the nature of the islands may be understood. 

The marine currents which most influenced the formation of these two 
atolls, and in a slightly different fashion that of the islands near Key 
West, are of three kinds: (1) wind-formed currents accompanied by waves; 
(2) the Florida countercurrent; (3) the tidal currents. The wind currents 
are prevailingly from the east, particularly during the summer months, when 
these islands are in the latitude of the trade winds. The Florida counter- 
current between the Gulf Stream and the Florida Keys flows westward along 
the southern margin of these islands. The tidal currents are north and 
south, the strongest being the ebb-tide thrust from north to south. The 
strongest combined action of these currents forms a northeast current that 


accounts for the elliptic shape of the two atolls. 
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This northeast current produces the largest island of the Marquesas 
group, the long, crescentic Long Beach Key. This current also accounts for 
the development of the northeast bank of the Tortugas atoll. Both these 
crescent-shaped formations lie between the northwest channels and the 
southeast channels that enter their respective atolls. In both cases the 
bow of the crescent island or bank faces the current, and the horns of the 
crescent curve before the current. The specific location and shape of the 
other islands and banks of each atoll may be due to local differences in 
the currents. Thus in the southwest quadrant of both atolls islands are 
formed. At the Marquesas Keys the island is Southwest Key, and it bows 
toward the southwest with its horns extending north and east; at the Tor- 
tugas Keys the southwestern island is Loggerhead Key, and it bows toward 
the southeast with its two horns projecting toward the west. Southwest 
Key at the Marquesas seems to be due to a countercurrent against the direc- 
tion of the prevailing northeast current. 

The accumulation of the sediments and detrital materials which form the 
banks and islands of these atolls is the result of constructive processes 
mainly influenced by the direction and force of the currents, some of which 
are general and some very local. In general the outer faces of the is- 
lands around the Marquesas atoll receive the strongest currents and wave 
action, which cause the coarsest materials to pile up on these outer faces. 
Finer materials are deposited on the lee or inner sides of the islands, in 
the quieter waters inside the atoll. Consequently the inner faces of the 
islands are mud flats covered by mangrove swamps, and the outer faces are 
beaches and dune plateaus covered by strand vegetation. This condition 
does not, however, prevail at the Tortugas atoll, where nearly all the 
materials are coarse and few fine sediments accumulate to form mud flats. 
All the Tortugas islands are formed of coarse detrital material carried by 
currents so strong that shifts in them have caused the destruction of some 
of the islands and rapid growth of others. 

It is more difficult to explain the location, shape, and other topo- 
graphic features of the islands that form the group near Key West. All the 
southernmost islands except Crawfish Key have beaches and dune plateaus 
along all or part of their southern shores. Woman and Man keys are dis- 
tinctly elongated in an east-west direction. The other islands of the 
group are scattered north of this southern row over the very shallow waters 
of the limestone bank. None of these latter islands have any distinct 
beaches or dune plateaus. At most they have low sand and marl ridges and 
interrupted narrow beaches. Most of them are completely or almost com- 
pletely covered by the tide and support a mangrove vegetation. 

Irregularities in the surface of the limestone bank and differential 
erosion by the north-south thrust of the tidal currents seem to account for 


the development of these islands. The largest island, Boca Grande Key, 
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developed around a raised limestone shelf which forms a central plain 
(pl. 2, fig. 2). Sands have accumulated around the western and southern 
parts of this rock plain, and muds around most of its northern and eastern 
shore. Woman Key is likewise based on exposed rock. In general the south- 
ern rim of the bank on which these islands are based is dissected by 
north-south channels, with segments of the bank between them. Erosion by 
tidal scour probably caused the channels, and the elevated segments between 
them were appropriate places for the accunulation of detrital materials. 
Thus the highest parts of the limestone bank, left in the segments, form 
the bases for the islands and the many areas of shoal water along this 
southern rim. The islands resulted from or were enlarged by denosition of 
coarse material borne from the south and east, forming sand beaches and 
dune plateaus along their southern shores. Finer materials, nostly marl 
muds, accumulated on their northern or lee sides, forming mud flats. The 
currents from the east aided in forming the two elongated islands, Man and 
Woman keys. At Boca Grande Key the southern and the western shore are both 
sandy, the latter probably because of currents sweeping toward the island 
from the Boca Grande Channel to the west. 

Over the middle and northern parts of the limestone bank near Key West 
the low, mangrove-covered islands probably developed where there were local 
retardations in the currents, or slight elevations of the bank, or both. 
The shoal areas of this region are very shallow, and mnangrove colonies 
once fixed in the mud could easily start a mangrove island. Since most of 
the islands are partly or completely flooded by normal high tide, they are 
not islands in the true sense of the word, but -»nerely mangrove swamps. 

The coarse calcareous sands of parts or all of the islands composing the 
three groups are the result of accunulation of unconsolidated detrital 
material. At the Tortugas Keys some of this material is from coral reefs, 
but coral fragments contribute little or nothing to the formation of the 
other islands. Fragments of calcareous algae, particularly species of 
Halimeda, contribute a great deal to these sands. especially at the Tortu- 
gas; and a great variety of other organisms that secrete calcium carbonate, 
such as mollusks, foraminifera, echinoids, and nullipores, also furnish 
detrital material. 

Sorting by the currents results in the different types ot accumulation 
on the bottomn, on the sand strand, and on the mud flats. From a study of 
many bottom samples in this region, Thorp (1935) showed how currents sort 
out and carry along these materials, depositing those of different sizes 
and weights at different places. The distribution of particle sizes in the 
various regions of the Florida Keys conforms to the general current condi- 
tions. Thus, strong wave and current action brings about removal of most 
of the silt and clay particles from the sediments, with good sorting of the 


sand grades. The strength of wave and current action in general increases 
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westward, and consequently the sands become coarser and more abundant than 
silts or clays westward, until at the Tortugas Keys there are only a few 
fine sediments in the troughs of the lagoons. The protected flats on the 
lee sides of other islands are in general covered by fine-grained sedi- 
ments, and the sands are deposited on the sides where the currents and 
waves are strongest. Lagoon and channel deposits have coarser-grained 
material on the slopes and tops of the ridges. The topography of each is- 
land, as well as the nature of the sands and finer inaterials that make then 
or are adjacent to them, depends on this sorting action of the currents. 
Thus we see that marine currents are the main agents in island formation 
and vegetation plays a seconeary role. Vegetation, however, alters or 
maintains the topography of each island; the currents account only for the 
initial stages and the shore-line features. Waves and tides cast up the 
sands that form the beaches and dunes, but strand plants quickly aid in the 
stabilization of these sands so that against them other sands can be depos- 
ited. Fine-grained materials settle out in slack water to form mud flats, 
and mangroves growing on these flats hasten the process of deposition, add- 
ing some of their own organic materials to the accunulating swamp soils and 
often forming deep layers of peat and marl (Davis, 1940). Thus both the 
strand and mangrove plants materially aid in the holding of these uncon- 
solidated materials. They may not cause major constructional changes in 
either shape or elevation, but without them there certainly would be great- 
er destructional changes, especially those due to excessive erosion during 
storms. Both these types of vegetation and their influence on the topog- 


raphy of the islands will be considered in detail. 


THE PLANT COMMUNITIES 


Introductton 


The two distinctly different types of vegetation are (1) the mangrove 
Swamps and (2) the sand-strand vegetation. As was pointed out above, both 
these types of vegetation are not found on every island, but whether on the 
same island or on separate islands, they occur on soils that are distinctly 
different in elevation and texture. The soils most favorable for the de- 
velopment of the strand vegetation are coarse sands at elevations above the 
usual high tide, whereas the most favorable soils for mangroves and asso- 
ciated salt-marsh plants are fine-particled sediments, mostly marl, that 
are usually or constantly flooded by the tide. The plant communities of 
which the two types of vegetation are composed are distinct as regards 
nearly all their species and the growth form of most of these species. 
(See "Plant populations," under "Flora," below.) Their one main point of 
Similarity is that each type of vegetation is composed of a series of com- 


munities forming a fairly definite succession which is in many places con- 
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tributing to topographic changes. The communities of each of these suc- 
cessions, or seres, are often arranged in fairly definite zones from the 
open water inland. The final development of each sere is toward a similar 
mesic, non-flooded, non-saline-soil type of vegetation, as is shown dia- 


grammatically in figure 2. Hach of these seres begins with a halophytic 
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Fig. 2. Successional relations of the strand and mangrove communities. Approximate 


tide levels are indicated. 


pioneer comnunity, but there their similarity ends. The mangrove succes-— 
Sion is a halic hydrosere from constantly flooded soils inland to levels 
only slightly above the usual high tide, whereas the strand succession 
begins on the upper beach, which is only occasionally flooded, and is a 
partly halic, partly xeric psammosere, the zones of plant communities oc- 
curring in successively less saline, usually more mesic, and more elevat- 


ed situations. 
As described in the discussion of nangroves (Davis, 1940), the mangrove 
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succession may develop into an upland, non-halophytic forest known locally 
as a hammock. The strand sere even more often develops toward such a ham- 
mock forest. Both may develop toward and contribute soils for the near- 
shore hammock forests. Although the two successions proceed much as shown 
in figure 2, in many parts of the whole chain oft the Florida Keys they do 
not always develop fully on each island. In Guilty one instance, Long Beach 
Key, does the strand succession attain a well developed hamnock stage, and 
in only a few instances is there a well developed transition from mangrove 
swamp to hammock forest that may be the direct result of soils accunulated 
in the mangrove swamps. 

This study was undertaken partly to determine the essential features of 
the strand communities, since the mangrove communities had been previously 
studied. For this reason the ecology of the strand communities is stressed. 
A general description of the ecology of both types of vegetation and some 
of the most important factors of the habitat precedes the descriptions of 


the communities of each island. 


The Strand Communities 


The strand vegetation and strand flora of the Sand Keys are similar in 
many respects to those of the sandy shores of the mainland coasts and of 
the many islands of southern Florida, except that the flora includes more 
tropical species. These islands are comparatively small, and the comnuni- 
ties are often confined to distinct areas which form definite zones along 
the shore. There is usually a very definite line of demarcation between 
the sand areas and the mud flats, so that there is an abrupt transition 
from the strand communities to the mangrove communities. Sone of the is- 
lands of the group nearest Key West have no strand vegetation, and all the 
islands of the Tor tugas Keys are covered by strand communities with only a 
few small colonies of mangroves. 

The four main communities recognized as composing the strand succession 
are: (1) the pioneer strand—beach associes, from the wave Line on the 
beaches to the higher parts of the fore dunes, definitely above the usual 
effects of the tide and waves; (2) the strand-dune associes, occupying the 
fore part of nearly all the dune plateaus, composed of grasses, low shrubs, 
and herbs; in this region this plateau is usually dominated by the tall sea 
oats, Jniola paniculata; (8) a transition community, the strand-scrub as- 
socies, of low shrubs and small trees scattered over the inner parts of the 
Sstrand-dune areas, and typically including some species of distinctly 
xeromorphic adaptations, indicating the xeric conditions of the habitat; 
(4) the strand-hammock associes, which is a strand forest of low trees and 
Shrubs growing in a close stand and composed of many species of tropical 


hardwoods and palms. These latter communities are the shore hammocks or 
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sand hammocks. They are not so well developed on these small islands as on 
the larger islands or the mainland. On only a few of the islands studied 
are all four communities found well developed and distinctly arranged in 
zones. On many of the islands, particularly of the Tortugas Keys, there 
are variations in the plant populations of these communities, and local 
aggregations of certain species to form associes, colonies, and families. 
In some instances the individual plants are so scattered over the strand 
sands that no definite community can be recognized. The most constant and 
frequent species of each community are summarized in tables 1, 2, and 3. 

A number of similar strand communities have been recognized in other 
studies of strand vegetation in this and other parts of the world. Raun- 
kiaer (1934) in his description of some of the Danish islands of the West 
Indies recognizes even more zones, facies as he calls some of them, of 
both the sand-shore and the mangrove-swamp vegetation. For the Malay 
region, Schimper in his classic work Die indo-malayische Strandflora (1891) 
gives good accounts of the beach and dune vegetation. In these and many 
other instances there has been a tendency to divide the strand vegetation 
into components based too specifically on the plant populations. Here 
that tendency has been avoided so far as possible, but could not be en- 
tirely avoided because of the necessity of specifying the dominants of a 
community. In general, the terms strand beach, strand dune, strand scrub, 
and strand forest (here hammock) might be more or less universally applied 
to the vegetation of sand shores. 

The strand-beach associes is composed of a number of pioneer halophytic 
species that can spread out over the upper beach, take root quickly, ger- 
minate from seeds rapidly, and withstand some wave wash and sand shifting. 
The commonest species are Sesuvium portulacastrum, Cakile lanceolata, 
Ipomoea ves-caprae, Panicum amarulum, Sporobolus virginicus, Uniola panic- 
ulata, Chamaesyce buxifolia, and the shrub Yournefortia gnaphalodes. Other 
species are named in the descriptions of the islands and in the summary 
of species given in table 1. It is necessary for these upper-—-beach plants 
to withstand occasional submergence, and therefore they are the most halo- 
phytic species of the strand. The typical species are not confined to 
the upper-beach and dune areas, but may occur within the strand-dune asso- 
cies. Infact two of them, niola and Chamaesyce, are the main dominants of 
many strand-dune areas. Most of the beaches on these islands are so narrow 
and the dune terraces so close to the upper reaches of the tide that the 
pioneer strand-beach plants fail to develop. Where developed, this asso- 
cies indicates aggradation of the beach, as the plants are the first to 
grow on newly built-up sand areas. 

The strand-dune associes is the commonest and most distinctly zoned of 
the strand communities. It, covers the fore part of the low dune areas, 


from 1 to 9 feet above the high-tide level. Génerally there is a steep 
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wave-—cut terrace and the dunes are low, almost flat areas, forming a pla- 
teau. If these low dunes are wide, three stages in the strand succession 
may be developed. The strand-dune associes is the outermost :-or first in 
the succession, and is the most prevalent of these communities. It is 
usually a narrow zone 25 to 150 yards wide. Unless the plateau is more 
than 75 yards wide, it is nearly always entirely covered by this associes, 
the strand-scrub and strand-hammock conmunities failing to develop. 

The strand-dune associes is dominantly herbaceous (pl. 1, fig. 2), with 
Uniola paniculata, other grasses, Waltheria, Chamaesyce, a number of 
leguminous plants, and the spider lily, 7ymenocallis, as frequent asso- 
ciates (table 1). The two commonest shrubs, Journefortia (pl. 2, fig. 1) 
and Suriana, are not constant, some islands having few of them and others 
many. In fact, Jniola, although the most frequent plant in most of these 
Strand communities, is almost absent from one part of the Woman Keys. 
Millspaugh (1907) noted this variability in the floral composition of the 
strand. The difference in local abundance of the species has no general 
effect on the character of the community, unless there is a definite in- 
crease in the number of shrubs. The community is considered unaltered 
where shrubs are scattered over the strand-—dune area, but where they become 
abundant and cover more of the area than the herbs, a strand-scrub asso- 
cies is recognized. 

The strand-scrub associes is typically a transition zone between the 
strand-dune associes and the hammock forest, if a hammock forest is de- 
veloped. On most islands, however, there is no well developed strand- 
hammock associes, so that the scrub associes occupies the inner zone of 
many dune plateaus. Suriana maritima is the most frequent species. At the 
Tortugas Keys Suriana is the dominant vegetation of the larger islands, 
forning a distinct consocies, which is one form of the strand-scrub com- 
munity. On most of the Marquesas Keys, Barracuda Key, and the western half 
of the Woman Keys, on the sand ridge back of the mangrove border or on the 
inner part of the strand plateau there are thickets of a number of species 
of strand-scrub plants. Suriana, Lantana, Guilandia, Solanum, Borrichia, 
and Opuntia are frequent. and typical. The open areas between the colonies 
of scrub plants have a number of plants that are common in the strand-dune 
associes. A few hammock plants such as Jacquinia, Coccothrinax, and Pithe- 
colobium are often present. Not a few of the scrub areas are probably 
Slowly changing to hannock areas. 

The prevalence of this xeric serub community on the strand between the 
more halic strand-—dune associes and the more mesic strand-hammock associes 
is probably due to the extreme porosity of the coarse sand soils and to 
the small, seasonal rainfall. The gradual change of the soil solution from 
distinct salinity near the beach to only a trace of salinity farther inland 


is accompanied by a gradual reduction in soil moisture; then as humus accu- 
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mulates, the soil moisture, at least near the surface, increases, with a 
consequent developinent of more mesic conditions in some places, promoting 
hammocks. The strand scrub develops on the soil areas with least water 
content between the shore and the hammock forest or mangroves. The drier 
condition of the Tortugas islands, due both to the small rainfall and to 
the coarse soils, probably explains the failure of hammocks to develop 
there. In other localities also, mesic conditions for hammock growth have 
failed to develop. 

The climax development of the strand succession is the strand-hammock 
forest. On these small islands no real climax hammock association has de- 
veloped, as has occurred on some of the other Florida Keys. The nearest 
approach to this condition is on Long Beach Key; there are less well de- 
veloped hammocks on Boca Grande and Southwest keys. These communities are 
thicket forests, composed for the most part of small trees, but with some 
larger ones, over 30 feet tall. A few of the species here are also typ- 
ical of the tall tree hammocks of the shores of larger islands. Some of 
the significant genera of this climax strand associes are Pithecolobiun, 
Jacquinia, Coccothrinax, Thrinax, Metopium, Reynosia, Canvaris, fH#usenia, 
Torrubia, and Foidendrum. Whether or not this associes will finally de- 
velop into a larger forest of more species and more definitely climax 
characteristics will probably depend on the continued enlargement and 
stabilization of the islands. 

All the hammock plants are not on sand; a hammock community has devel- 
oped on rocky soils on one island, Boca Grande Key (pl. 2, fig. 2). The 
plants are dwarfed, scrubby, and widely spaced like those of the strand- 
scrub associes, but the species are the same as or similar to those of many 
of the sand-strand hammocks. Some plants, for example Opuntia, Gossypium, 
Bumelia, Maytenus, Pithecolobium unguis-cati, and Cordia (table 3), are 
more typical of rock hammocks and marl soils than of sand hammocks. On the 
larger Florida Keys these rock and marl hammocks are common. This one com- 
munity is only a small, poorly developed example. 

The distinction between rock hammock and sand hammock is made here 
largely for convenience. The two are very similar, in fact both are shore 
or key communities common to most of the western Florida Keys, where oolite 
limestone rock, marl, and sand soils are all so general and so contiguous 
that the same plants grow on all to form essentially the same ecological 
unit. 

To aid in a better understanding of the development of a key hammock 
association, the most frequent species of some hammocks on the islands near 
Key West are listed in table 3. Tropical hammocks are so variable in plant 
composition that no general statement can be made. The table gives only a 
few of the many tree and shrub species to be found on the Florida Keys. 


Small (1913) and many others have stressed this diversity of the flora of 
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this region. Such diversity is in part due to great differences in ecolog- 
ical conditions. The poorest tree flora of the region is on these Sand 
Keys, no doubt because of the small size of the islands, low rainfall, and 


dominantly coarse sandy soils. 


The Mangrove Communities 


The mangrove succession, the typical communities of which it is composed, 
the environmental factors, and something of the manner in which soils are 
built up in the swamps have been described by the present writer (1940) 
and need not be treated in detail here. There are, however, a few distinc-— 
tive features of the mangrove swamps of the Sand Keys which should be es- 
pecially noted. 

In general the mangroves occur on the shoals near the islands and on the 
inundated parts of the islands away from the direction of the prevailing 
currents (pl. 1, fig. 1). In such locations the finer sediments accumulate 
over the rocks and in the swamps, forming the best habitat for mangrove 
growth. Only occasionally do mangroves grow on parts of the sand beaches, 
and then only where there is little wave action. The low brackish-water 
flats in the interior of some islands are usually covered by mangroves and 
by an associated salt-marsh vegetation. Those islands that have failed to 
develop beach and dune areas are usually completely covered by mangroves. 
Other islands, especially the Tortugas Keys, have few or no fine sediments 
or flooded parts, and on them few or no mangroves occur. The most preva- 
lent condition is a combination of mangrove swamps and strand vegetation on 
the same island. There is usually a sharp demarcation between the two. As 
the sand soils slowly migrate inland they often form a steep bank or ter- 
race at the edge of the depressions filled with mangroves. This terrace 
may encroach on the mangroves and cover some of their roots. Along this 
border zone there may be developed a narrow border associes of plants, with 
some species fron each of the two types of vegetation. On the higher soils 
the buttonwood, Conocarpus erecta, sometimes grows and becomes an important 
element of the strand flora. Some of the strand plants occasionally invade 
the mangrove swamps. 

The total areas covered by mangrove communities are much greater than 
those covered by strand communities, but since most of the mangrove areas 
are submerged soils, it is not possible to describe all of them as land. 
Some of the smaller mangrove colonies on the shoals are not islands, for 
they have no areas above even the low tide. It is impossible to distin- 
guish rigidly between sea and land areas. The outlines shown on the maps 
of the mangrove parts of the islands, and of the completely mangrove-cov- 
ered islands, are at best approximations of the border of the mangrove 
growth and in most cases include flooded areas. For this reason it is im- 


possible to give the exact nunber of the islands or the area of many of 
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them. If only the sand-strand areas were considered as islands, nany of 
the islands would appear much smaller in the figures, and some of them 
would not be shown at all. 

The nangrove swamps of the inundated shores and the mud flats are com- 
posed of three species: Rhizophora mangle, the red mangrove, Avicennia 
nitida, the black or honey mangrove, and Laguncularia racemosa, the white 
mangrove, sometimes called the white buttonwood. Conocarnus erecta. the 
buttonwood, is associated with both the strand and the mangrove communi- 
ties, being frequent along the border between the two. The communities, 
their species, and the associated plants form less clearly defined zones 
than those described for the southern Florida region in general (Davis, 
1940). On these islands there is less variety of con?itions of water and 
soil than is found on larger islands and the mainland, where a complete de- 
velopment of the mangrove succession from a pioneer Rhizophora family 
through the stages of a mature Rhizophora consocies, Avicennia salt—marsh 
associes, and Conocarpus transition associes to an upland inland hainmock 
forest or to a fresh-water swamp community may occur. 

The mangroves in,the deepest-water parts of the swamps are nostly Rhi- 
zophora. On many shoals there are distinct pioneer Rhizophora family com- 
munities of young red mangroves. A number of the larger swamps are mature 
Rhizophora consocies of medium-sized trees forming a very thick stand. 
With Rhizophora there are often many Lasuncularia and Avicennia trees, 
forming a mixed growth that might best be described as a mature mangrove 
associes, or in young stages amixed mangrove colony. In general, Avicennia 
forms a distinct community in the shallow-water parts of the swamp, and 
Laguncularia grows along the outer fringe of the swamp. 

The largest Avicennia communities cover stagnant-water flats in the in- 
terior of the islands, particularly around ponds, as on Barracuda and Boca 
Grande keys. These swamps are thicket growths of small and medium-sized 
trees with little or no salt-marsh herbage beneath them. The few salt- 
marsh species do not form as definite a salt-marsh flora as is usually the 
case in southern Florida; Batis is the only plant commonly associated with 
Avicennia here. For this reason most of these communities are an Avicennia 
consocies. The water in this zone of the swamp averages about 6 inches 
deep, is not normally affected by the tide, and becomes alternately very 
salty and diluted with rain. On thin soils over rock substrata the trees 
are scrubby and widely spaced, forming a scrub Avicennia community. 

Similar mangrove flats of a scrubby growth of Rhizophora oceur over the 
interior flats of some islands, so that a scrub Rhizophora facies is recog-— 
nized. This is a scrub Rhizophora consocies. 

There is no distinct Conocarpus transition zone, and there are not many 
evidences of a complete series of the mangrove communities, forming dis- 


tinct zones. Not many of the swamps have deep organic soils. [here is 
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some peat development, but most of the swamp soils are marl muds with some 
calcareous sands, and the rock substratum is usually near the surface. No 
doubt this sedimentary and partly cumulose soil is developing a halotropic 
series, but there has not been sufficient time for the development of deep 
soils with distinct profiles such as are found in some of the large swamps 
of the mainland and some of the larger Florida Keys (Davis, 1940, p. 387). 
Mangroves are contributing mainly to increasing sedimentation of muds on 
the lee sides of the islands, and somewhat to the building up of the soil 
levels high enough for the coarser sands to collect over the marl muds. In 
this way they contribute to the gradual extension and elevation of the is- 
lands. 

In the Marquesas Keys, the inner faces of all the islands, toward the 
lagoons, are covered by mangroves. Most of the outer faces of the ele- 
vated parts of the islands have narrow beaches and a plateau dune area cov- 
ered with strand vegetation, but many of the lower islands, and low parts 
of others, are entirely covered by mangroves. Similarly there is usually 
a mangrove side and a strand side on the islands near Key West, but many of 
them are completely covered by mangroves. Consequently each island has 
its own distinct areas of mangrove vegetation and must be considered indi- 
vidually. 

Some of the shores of coarse sand soils with some marl, but of low re- 
lief, have fringing mangroves in the shallow tidewater offshore from the 
bare sand beaches. Ina number of places these mangroves have grown inland, 
covering the beaches and invading the strand vegetation. Such pioneer 
mangrove growth is common around the southern and eastern shores of the 
Marquesas Keys. Extension of mangroves along the beaches seems to be in- 
creasing because of the accumulation of finer soil materials offshore or on 
the beaches; and their growth is causing a decrease in the intensity of 
wave action on the beaches or shoals near them. Along many shores of these 
islands there are long areas of sand beaches not interrupted by mangrove 
growth, but on some, shores facing in the same general direction as those 
with beaches are dominated by mangroves. Where mangroves predominate 
along a shore, but there are also a few short areas of sand beach and 
pioneer strand plants, the shore is known as one of broken beaches. This 
is the case around much of Barracuda Key and the eastern shore of Long 
Beach Key. 

Back of an outer shore fringe of mature mangroves of all three species 
there is frequently a low ridge of mixed marl, shell, and sand soil between 
the open water and the shallow, flooded interior swamps. This ridge is 
above the tide level and on it grows a mixture of mangroves and salt-—marsh 
and strand plants. As the larger mangroves shade the ridge, the plants 
grow under fairly mesic but also halic conditions. This mixed community 


contains large Conocarpus trees, Borrichia, Sesuvium, Yymenocallis, Iva, 
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Dondia, and some of the strand-scrub plants such as Lantana and Solanum, 

Most significant is the lack of mangrove swamps at the Tortugas. Seeds 
and seedlings of all three species float there by the thousand, and some of 
them become rooted on the beach, only to die from excessive exposure. A 
few grow on the coral ballast of Long Key. Only around one pond on Bush 
Key is there a mangrove swamp, an almost pure consocies of Laguncularia 
with a few Rhizophora. 

The relations of the mangrove communities are shown in figure 2. In 
-general, the few differences between the communities and successional rela- 
tions of mangroves on these islands and those along the south Florida 
coast are not significant. Here the mangrove swamps are less distinctly 
zoned, soil development is less advanced, and the final stages of the suc- 
cession are not apparent. The mangroves of the Sand Keys contribute some- 
thing to the acceleration of sedimentation, and enable sands to accumulate 
more rapidly by damming up water currents. There is a gradual change from 
mangrove-swamp areas to sand-strand areas with the filling in of some of 


the swamp areas by sands blown in over them. 


FLORA 


Plant Populations 


About 110 species of plants are commonly found in the strand vegetation 
communities, but less than 15 species are frequent in the mangrove swamps 
and salt marshes. The total is a relatively small number of species for so 
large an area, and the number is even smaller, probably not over 80, if 
only the definitely native plants are considered. This relative paucity of 
the flora is typical of isolated snall islands. The environmental condi- 
tions are such that few plants can become established, and the isolated 
position makes it necessary for the plants to migrate some distance. The 
ability of the plants to migrate is of particular importance in determining 
the composition of the flora. Millspaugh (1907) gave a number of "Distri- 
butional notes" concerning the mode of dispersal of the plants, but in the 
present investigation only a few such observations were made. Some of 
these will be considered later. 

The plant population of each community was determined by the use of many 
sanple plots, both quadrats and transects, which in each instance were lo- 
cated where that particular community seemed best developed. Besides these 
detailed studies on some of the islands, notations on the species and their 
relative abundance were made for all situations on each island visited. 
The main object was to obtain the relative frequency or abundance of the 
species, the constancy of the most frequent and dominant, and the exclu- 


siveness of some of them. From these data the tables of the flora of each 


ECOLOGY AND TOPOGRAPHY OF THE SAND KEYS OF FLORIDA 135 


community were made (tables 1, 2, 3). In most instances the ten or fifteen 
most frequent and constant species are listed in order of their relative 
frequency and constancy, then an alphabetical list is given of additional 
plants. Each list does not include all the species found, and a very few 
that were present, particularly grasses without flowers or fruits, have not 
yet been adequately identified. 

The ten most frequent species of one sample plot of a particular comnu- 
nity are often not present in the same abundance in other sample plots on 
the same island, or different islands. A few species are confined to a 
definite location owing to chance distribution. This exclusiveness, in 
some cases endemism, is typical of the south Florida region, particularly 
of the islands. Species of palms, for example Coccothrinax argentea (Lodd.) 
Sarg. and Thrinax microcarpa Sarg., are very local in their distribution. 
Almost every island with a strand flora has some species not present, or 
very rare, on other islands. This lack of constancy makes it difficult 
to give a description of the plant population of any one associes that 
will hold for all the islands. For this and other reasons, only the most 
general descriptions of the associes have been given above, and the de- 
tails of plant populations are given later with the description of each 
island. 

The plant names employed by Bowman and Millspaugh in their lists of the 
flora, and the names used in the best available manual for this region 
(Small, 1933), are not always the same. This synonymy of names :nakes it 
difficult to list properly all the species found. In general the names 
given here conform with Small, except in certain cases where his names are 
used little or not at all by students of this region. 

One of the interesting features of the flora is the much greater diver- 
sity of the flora of the strand than that of the mangrove swamps and salt 
marshes. The strand flora is of many families of herbs and low shrubs, 
mainly grasses, legumes, spurges, purslanes and their kin, amaranths, and 
Compositae. The shrubs and trees of the strand scrub and strand hammock be- 
long to many different families familiar in the tropics. In contrast with 
this variety, the commonest mangrove and salt-marsh plants belong to only 
Six families. This condition seems due mainly to the fact that the man- 
grove swamps and salt marshes, being partly or completely inundated and 
distinctly saline, are not so favorable for the temporary establishment of 
plants as are the sand areas. Many ruderals, ballast plants, and other 
weeds become established on the strand (table 7, p. 182). In a nunber of 
instances these are abundant locally but completely absent elsewhere, indi- 
cating chance distribution. Additions to the strand flora occur from time 
to time, and certain species seem to have been lost from the flora since 


Millspaugh's account. 
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Table 1. Plant populations of the grass and herb communities of the strand 


Strand—beach associes 


In order of frequency 
and constancy 


Sesuvium portulacastrum L. 

Cakile lanceolata (Willd.) Schulz. 
Cenchrus pauciflorus Benth. 
Chamaesyce buxifolia (Lam.) Small 
Uniola paniculata L. 

Iva imbricata Walt. 

Panicum amarulum H. & C. 
Sporobolus virginicus (L.) Kunth 
Tournefortia gnaphalodes R. Br. 
Ipomoea pes-caprae (L.) Sweet 
Scaevola plumeri Vahi 

Andropogon glomeratus (Walt.) B. S. P. 
Cyperus brunneus Sw. 

Portulaca oleracea L. 

Suriana maritima L. 

Dondia linearis (Ell.) Millsp. 
Borrichia arborescens (L.) DC. 
Ambrosia hispida Pursh 

Atriplex arenaria Nutt. 

Batis maritima L. 

Chioris petraea Swartz. 

Melanthera hastata Michx. 
Paspalum caespitosum Flugge 
Flavaria linearis Lag. 

Poinsettia pinetorum Small 
Tithymalus Smallii (Millsp.) Small 


Strand—dune associes 


In order of frequency 
and constancy 


Uniola paniculata L. 

Chamaesyee buxifolia (Lam.) Small 
Andropogon heteroflorus (Nees) Kunth 
Waltheria americana L. 

Cyperus brunneus Sw. 

Hymenocallis keyensis Small 

Canavali lineata (Thunb.) DC. 

Iva imbricata Walt. 

Flavaria linearis Lag. 

Spartina patens var. juncea H. Hitchce. 
Ambrosia hispida Pursh 

Melanthera hastata Vichx. 

Suriana maritima L. 

Tournefortia gnaphalodes R. Br. 
Bradburya arenicola Small 

Galactia spiciformis T. & G. 
Poinsettia pinetorum Small 

Scaevola plumeri Vahl 

Sesuvium portulacastrum L. 
Sporobolus virginicus (L.) Kunth 
Chloris petraea Swartz. 

Chamaecrista aspera (Muhl.) Greene 
Achyranthes maritima (Mart.) Standl. 
Sporobolus domingensis (Trin.) Kunth 
Caesalpinia pauciflora (Gris.) Wright 


Additional species in 
alphabetical order 

Atriplex arenaria Nutt. 
Batis maritima L. 
Bidens leucantha L. 
Borrichia arborescens (L.) DC. 
Calonyction tuba (Schlecht.) Colla 
Capriola Dactylon (L.) Kuntze 
Cenchrus pauciflorus Benth. 
Cenchrus tribuloides L. 
Chamaesyce hypericifolia (L.) Small 
Chloris glauca (Chapm.) Vasey 
Dondia linearis (Ell.) Millsp. 
Eragrostis ciliaris (L.) Link 
Ernodea littoralis Sw. 
Eustoma exaltatum (L.) Griseb. 
Galactia pinetorum Small 
Ipomoea pes-caprae (L.) Sweet 
Leptilon canadense (L.) Britt. 
Lithophila vermicularis Uline 
Metastelma Northropiae Schlecht. 
Panicum maximum Jacq. 
Paspalum caespitosum Flugge 
Smilax auriculata Walt. 
Spartina spartinae (Trin.) Verr. 
Syntherisma paniceum (Sw.) Nash 
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Table 2. Plant populations of the shrub and tree communities of the sand strand 


Strand—-scrub associes 


In order of frequency 
and constancy 

Suriana maritima L. 
Lantana involucrata L. 
Guilandia crista (L.) Small 
Solanum bahamense L. 
Borrichia arborescens (L.) DC. 
Melanthera hastata Wichx. 
Chamaesyce buxifolia (Lam.) Small 
Canavali lineata (Thunb.) DC. 
Calonyction tuba (Schlecht.) Colla 
Opuntia Dillenii (Ker.) Haw. 
‘ymenocallis keyensis Small 
Uniola paniculata L. 
Andropogon scoparius WMichx. 
Cyperus brunneus Sw. 
Flavaria linearis Lag. 


Additional species in 
alphabetical order 

Alternanthera maritima St. Hil. 
Ambrosia hispida Pursh 
Avicennia nitida Jacq. 
Batis maritima L. 
Chloris petraea Swartz. 
Coccolobis uvifera (L.) Jacq. 
Coccothrinax jucanda Sarg. 
Conocarpus erecta L. 
Dondia linearis (Ell.) Millsp. 
Ernodea littoralis Sw. 
Iva imbricata Walt. 
Metastelma Northropiae Schlecht. 
Smilax auriculata Walt. 
Tournefortia gnaphalodes R. Br. 


Strand-hanmock associes 


In order of frequency 
and constancy 

Pithecolobium guadalupense Chapm. 
Jacyuinia keyensis Veg. 
Coccothrinax jucanda Sarg. 
Wetopium toxiferum (L.) K. & U. 
Reynosia septentrionalis Urban 
Capparis jamaicensis Jacq. 
Erithalis fruticosa L. 
Thrinax microcarpa Sarg. 
Conocarnus erecta I. 
Eugenia buxifolia (Sw.) Willd. 
Torrubia longifolia 8ritt. 
Gymnanthes lucida Sw. 
Coccolobis uvifera (L.) Jacq. 
Panicum divaricatum L. 
Smilax auriculata Walt. 


Additional species in 

alphabetical order 
Calonyction tuba (Schlecht.) Colla 
Capparis flexuosa L. 
Epidendrum tampense Lindl. 
Ernodea littoralis Sw. 
Eugenia axillaris (Sw.) Willd. 
Lantana involucrata L. 


Limonium carolinianum (Walt.) Britt. 


Maytenus phyllanthoides Benth. 
Metastelma Northropiae Schlecht. 
Opuntia Dillenii (Ker.) Haw. 
Osmia frustrata (3. L. i.) Small 


Pharbitis cathartica (Poir.) Choisy 


Rivina humilis L. 
Tillandsia aloifolia Hook. 
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Table 3. Flora of the rock hanmocks 


Boca Grande Key 


In order of frequency 
and constancy 


Maytenus phyllanthoides Benth. 
Pithecolobium unguis-cati (L.) Benth. 
Cordia sebestena L. 

Torrubia longifolia Britt. 

Capparis flexuosa L. 

Thrinax parviflora Sw. 

Jacquinia keyensis Veg. 

Bumelia angustifolia Nutt. 

Borrichia arborescens (L.) DC. 
Dondia linearis (Ell.) Millsp. 
Opuntia Dillenii (Ker.) Haw. 

Eugenia axillaris (Sw.) Willd. 
Diapedium assurgens (L.) Kuntze 
Philoxerus vermicularis (L.) R. Br. 
Limonium carolinianum (Walt.) Britt. 
Capparis cynophallophora L. 
Gossypium hirsutum L. 

Rivina humilis L. 

Erithalis fruticosa L. 

Calonyction tuba (Schlecht.) Colla 
Acanthocereus floridanus Small 
Osmia frustrata (B. L. R.) Small 
Poinsettia pinetorum Small 

Yucca aloifolia L. 

Setaria macrosperma (S. & VM.) Schum. 
Flavaria linearis Lag. 

Lycium carolinianum Walt. 

Elaphrium Simaruba (L.) Rose 
Solanum Blodgettii Chapm. 

Waltheria americana L. 

Galactia spiciformis T. & G. 
Sporobolus domingensis (Trin.) Kunth. 
Tillandsia aloifolia Hook. 
Epidendrum tampense Lindl. 
Achyranthes ramosissima (Mart.) Stand. 


Larger 1slands of Florida Keys near Key West 


Commoner shrubs and trees 
in alphabetical order 


Acacia angustissima (Will.) Kuntze 
Amyris elemifera L. 

Anamomis Simpsoniit Small 

Bumelia angustifolia Nutt. 
Byrsonima lucida (Sw.) OC. 
Capparis flexuosa L. 

Carica papaya L. 

Casasia clusiifolia (Jacq.) Urban 
Citharexylum fruticosum L. 
Coccolobis laurifolia Jacq. 
Coccolobis uvifera (L.) Jacq. 
Coccothrinax jucanda Sarg. 
Conocarpus erecta L. 

Cordia sebestena L. 

Elaphrium Simaruba (L.) Rose 
Erithalis fruticosa L. 

Ernodea littoralis Sw. 

Erythrina arborea (Chapm.) Small 
Eugenia axillaris (Sw.) Willd. 
Eugenia buxifolia (Sw.) Willd. 
Ficus brevifolia Nutt. 
Ichthyomethia piscupila (L.) A. Hitche. 
Jacquinia keyensis Weg. 

Lantana involucrata L. 

Lysiloma bahamensis Benth. 
Metopium toxiferum (L.) K. & U. 
Mimusops emarginata (L.) Britt. 
Morinda Roioc L. 

Pisonia aculeata L. 

Pithecolobium unguis-cati (L.) Benth. 
Randia aculeata L. 


~Rapanea guyanensis Aubl. 


Reynosia septentrionalis Urban 
Sabal palmetto (Walt.) Todd 
Serenoa repens (Bartr.) Small 
Simarouba glauca DC. 

Solanum bahamense L. 

Thrinax microcarpa Sarg. 
Torrubia longifolia 3ritt. 
Ximenia americana L. 
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Life Forms 


The different percentages of the life forms of the flora of these com- 
munities (table 4) are significant, particularly when compared with one 
another and with those found in similar habitats elsewhere. By the use of 
Raunkiaer's statistical methods of comparing the biological spectra of the 
islands with one another and with his "normal spectrum" (Raunkiaer, 1934, 
pp- 111-117. 178-189), a number of significant features are disclosed. The 
"plant climate" of these islands varies sufficiently, especially as regards 


precipitation, to show a definite difference between the spectra of Long 


Table 4. Life forms of plants of the strand communities 


Percentage distribution of the species among the life forms* 


No. of S E M N Ch H G Th 
Associes species 
Strand-beach eoeooeveegeee 18 eee eee eee 9 35 18 9 27 
Strand-dune e©o0oe00f8000000 36 eooe eee esoe 27 27 18 9 18 
Strand-scrub ......cec. 24 w 37 23 7 u 
Strand-hammock ........ 25 4 8 36 24 8 8 12 ° 


*Key to symbols for life forms: S, stem succulents; E, epiphytes; M, micro- 
phanerophytes; N, nanophanerophytes; Ch, chamaephytes; H, hemicryptophytes; 
G, geophytes; Th, therophytes. 


Table 5. Comparison between, the life forms of strand plants of the Tortugas 
and those of other islands of the Sand Keys 


Percentage distribution of the species among the life forms* 


No. of S E M N Ch H G Th 
species ° 
Tortugas Keys 
native species ...... 35 6 eee coe 22 18 15 6 33 
Other islands .........- 70 Biot} | Riots} Tal 36.4 18.2 11 3.8 11 


*See footnote to table 4. 


Beach or Boca Grande Key and those of the Tortugas Keys, as given in table 
5. Comparison of the spectra of the herbaceous strand communities with 
those of the shrub and tree communities gives a good idea of the differ- 
ences in physiognomy. Dominance of chamaephytes and hemicryptophytes, with 
local and seasonal variations in the number of therophytes, is typical of 
strand-dune associes. Therophytes and rhizome geophytes are common in the 
strand-beach associes. Nanophanerophytes dominate the strand-scrub asso- 
cies, and a well developed strand hammock is dominated by microphanero- 
phytes, with some epiphytes present. 

In a psammosere such as this one of the strand, therophytes, chamae- 
phytes, and some rhizome geophytes are the pioneers, followed by hemicryp- 
tophytes and more chamaephytes, then by the ascending series of phanero- 


phytes. On these islands the phanerophyte series is not well developed. 
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This brief study of life forms could be enlarged to show many more ways 
of using it as an index to the habitat and to the physiognomy and struc- 


ture of the community, but such a study is reserved for a future paper. 


Dispersal 


There are a great number of pantropic genera and even species in the 
strand flora. Of these, [pomoea Des-caprae, Sesuvium portulacastrum, and 
Suriana maritima are three of the commonest species. Tournefortia, Chamae- 
syce, Canavali, Scaevola, Calonictyon, and Caesalpinia are common genera. 
A majority of the strand species of these islands are common to all the 
West Indies. 

The mangrove species of Florida are common to all the tropical Americas 
and the west coast of Africa. The genera Rhizophora and Avicennia are also 
found in the Orient, with many additional mangrove genera (Warming, 1925) . 
The mode of dispersal of these mangroves has been described by Guppy 
(1917), Davis (1940), and others. In this Sand Key region many seedlings 
of Rhizophora were cast overboard from boats and recovered on the shores of 
the Tortugas islands. These experiments showed that the seedlings had no 
difficulty in migrating from east to west in this region. Other evidence 
Showed that it is entirely probable that the other mangrove species can 
also float efficiently, and that no doubt all the mangroves are able to 


survive long voyages. 


Less detailed observations have been made on the dispersal of some of 


the strand plants. Millspaugh (1907) gaveinhis "Distributional notes" and 
in his "Sequence of appearance" the probable mode of dispersal of some of 
the species. About some of these he was in error; for instance, he lists 
both Avicennia and Laguncularia as avevectent, whereas they, like Rhizonh- 
ora, are transported almost entirely by water. 

Land and water birds play an important part in the dispersal of the 
strand lanier Many of the fleshy-fruit plants, such as Scaevola, Pithe- 
colobium, Coccolobis, Solanum, Lantana, Jacquinia, Coccothrinax, and 
Opuntia, may be eaten and their seeds thus transported by birds. Wading 
birds probably carry on their feet some of the commonest seeds, such as 
Cenchrus, Cyperus, Chamaesyce, Andropogon, and Borrichia. It is doubtful, 
however, whether as many seeds are thus carried as Millspaugh indicates. 

Aquavection is the most efficient mode of dispersal, and accounts for 
_the wide distribution of many of the pioneer strand plants. Sesuviun, 
Cakile, Ambrosia, Canavali, Caesalbpinia, and other pod-bearing legumes, 
and probably Tournefortia and Suriana are transported by water. 

The high winds common to this region may transport even heavy seeds, 
fruits, and other parts of plants. Small (1913) and others think that hur- 
ricanes have had much to do with the erratic distribution of many of the 


plants of the Florida Keys. Water-borne plants may be washed far inland 
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during storms, so that their distribution is not Limited to areas near 
shore. 

The list (table 7, p. 182) of cultivated plants and weeds of the Tortugas 
includes most of the species carried by man. Most of the weeds and some of 
the grasses were brought in on boats and are ballast plants. Such ornamen- 
tal and fruit plants as Thespesia, Cocos, Carica papaya, Ficus, and Agave 
were planted. The latter and Casuarina, although originally planted, are 
now spreading by natural means. 

A general conclusion is that most of the mangrove, salt-marsh, and 
strand-beach plants are aquavectent; the strand-dune plants are both aqua- 
vectent and avevectent; and most of the fruiting shrubs and trees of the 
strand scrub and strand hammock are avevectent. A much more detailed study 
of modes of dispersal of coastal plants is needed. These Sand Keys and the 
whole south Florida region derive their flora from all the Caribbean re- 


gion. Guppy's (1917) study shouid be enlarged and brought up to date. 


ENVIRONMENTAL FACTORS 


Introduction 


The two most important sets of environmental factors are the salinity of 
the soil water and of the surface water when present, and the physical and 
organic conditions that affect the water-holding capacity of the various 
soils. The climatic factors of temperature, rainfall, humidity, evaporat- 
ing power of the air, wind, and intensity of light are fairly uniform and 
do not operate so effectively as the first two sets of factors in delimit- 
ing the plant communities. Rainfall affects the strand vegetation but has 
little or no effect on the mangrove vegetation, the roots of which are usu- 
ally in water-soaked soils. All the plants are tropical or semitropical 
and cannot withstand hard frosts. The maritime factors, such as tides, 
prevailing winds, waves, and storms, are periodically and locally important. 
The tides are particularly important in the mangrove communities and the 
strand—beach associes of the fore dunes and upper beach. 

In the mangrove swamps the most important factors are the water level, 
which is controlled by the tides and to some extent by the rainfall; the 
salinity of the surface and soil water; the physical and organic nature of 
the soils, and their depth and horizons; the rock or soil substrata below 
the sedimentary and organic soils; the aeration of the surface water and 
soils; and drainage from or into the swamps. Most of these were considered 
in some detail inthe description of the ecology of mangroves (Davis, 1940). 
In general, the shore mangroves, mostly Rhizophora consocies and associes, 
are subject to an average tidal coverage of from 18 inches to 3 feet, and 
there is seldom much variation from the average salinity of 3.6 per cent. 


The soils are mostly sedimentary marl with some calcareous sand and a few 
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Shell and rarely coral fragments. Peat and muck soils are locally abun- 
dant, especially toward the interior of the older swamps. The -nangrove 
swamps toward the interior of the islands, which are sometimes not con- 
nected directly with the sea and not directly affected by the tides, nor- 
mally grow on shallowly flooded soils. There is much variation in salini- 
ty, from about 5 per cent to less than 1 per cent. The areas are poorly 
drained and the water and soils poorly aerated. The soils of many of 
these mangrove flats are a thin covering directly over a limestone sub- 
stratum. The mangrove and salt-marsh communities farthest inland are sel- 
dom if ever flooded. The soil or intermittent surface water may be over 
9 per cent saline. 

On the other hand, the strand communities are most affected by the po- 
rosity of the soils and their organic content, both of which control the 
water-holding capacity of the coarse calcareous soils common to the strand 
parts of these islands. The soil-water salinity is also very important, 
but it is very difficult to distinguish between the effects of salinity and 
of dryness. Both produce certain xeromorphic features in the plants, that 
can be attributed either to high salinity or to low soil water. The rain- 
fall, wind, and sunlight all affect strand vegetation more than they do 
mangrove vegetation. 

Thus we see that both types of vegetation are affected by salinity, and 
this salinity is usually tied in with soil water. The essential differ- 
ences between the two habitats are the result of differences in elevation. 
In the swamps there is flooding of the soils, which are usually fine-par- 
ticled, whereas in the case of the strand there is inconsistent flooding or 
none at all, and the soils are coarse. 

Certain topographic features are naturally primary causes of the differ- 
ences in some of the environmental factors. The elevation of the different 
parts of the sand plateau directly affects the water content of the soils. 
Low swales in the plateau often contain water after rains or storms. The 
higher, steeper dune terraces are often eroding away so rapidly that no 
plants survive on their faces and the roots of the plants on the crests are 
being exposed. The distance of the plants from the shore may affect 
growth, as those near the shore are more likely to be influenced by salt 
spray and high waves than those farther back, even if on equally elevated 
soils. The configuration of the island, that is, whether or not its main 
strand shore lies parallel to or across the direction of the prevailing 
winds, is important. 

In this study, owing to lack of time, measurements of some of the differ- 
ences in environmental factors could not. be made, but the essential differ- 
ences could be estimated by numerous observations. The following analyses 
of the details of some of these factors are based partly on measurements 


and partly on observations of the habitats of the strand communities. 
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Salinity and Soil Moisture 


Samples of strand soils were weighed as quickly as practicable, then air 
dried and later oven dried and weighed. The percentage of soil water in 
relation to the dry weight was then calculated. Salinity was determined by 
grinding a 10-gram sample of air-dried soil, treating this with 100 ce. of 
sodium sulphate, filtering, then titrating a portion of this with silver 
nitrate, using potassium chromate as an indicator. The percentage of 
chloride in relation to the actual amount of soil water for that sample 
was then calculated. The expression of chloride in terms of percentage of 
the soil moisture gives a much better idea of the effective salinity than 
expression of chloride in terms of the total moist soil. 

About fifty such samples were taken of the soils from the different 
Strand communities of six of the islands: two at the Tortugas, two at the 
Marquesas, and two from the group near Key West. 

The outer strand-beach associes is on the most moist and most saline 
soils, and great differences both in salinity and in soil moisture occur 
from place to place and time to time. The average soil water of the mid- 
dle beach is below 12 per cent at low tide, and the soils near the water 
line are saturated at high tide. Since the time interval between tides is 
Short, the plants with runners, stolons, rhizomes, and other types of 
underground stems are usually able to obtain ample water from the soils a 
few inches below the surface. 

The soil-solution salinity of this outer zone of pioneer vegetation was 
found to be between 2 and 3 per cent, although the salinity of the sea 
water is above 3.5 per cent. This lower concentration of chloride in the 
upper-beach sands near the areas covered by the tide is probably due to 
dilution by rain water, which is common in the sands at the season of the 
investigation. 

Inland from the upper beach toward the interior, the total soil water 
and salinity both decrease rapidly. At the Tortugas Keys, where the sand 
soils are coarsest, the percentage of soil water decreased from an average 
of 9.5 in the strand-beach associes zone to 5.5 in the Uniola strand-dune 
associes, to 4.7 in the Suriana consocies, to 3.8 in the Chamaesyce asso- 
cies. But there is a great deal of variation in these percentages from 
place to place and season to season. On the two islands of the Marquesas 
group where samples were taken, the soil water decreased from 12 per cent 
on the upper beach to about 5 per cent in the strand-serub associes and in- 
creased to more than 15 per cent in the strand hammock. 

This increase of soil water in the strand-hammock soils is very signifi- 
cant. It is due to the increased humus content of the soils. This humus 
collects from the remains of previous vegetation and from seaweeds cast on 
the upper beach and fore dune and incorporated in the dune soils. It was 


not practicable to determine the percentage of this plant humus, but the 
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darker color of the top soils of the interior as compared with those of the 
Open strand was readily noticeable. 

Around ponds and in swales of the dune plateau the highest percentages 
of both soil water and salinity were found. Some consocies of Sesuvium and 
Alternanthera grow where the coarse soils are nearly saturated with water, 
over 20 per cent, and Batis and mangroves on the border between the strand 


and swamp grow where the salinity averages above 5 per cent. 


Nature of Strand Soils 


The calcareous matter forming the great proportion of the soil materials 
of the surand sands consists mostly of broken and angular parts of many 
plants and animals, so that the sands do not pack tightly, and their struc- 
ture is loose and their texture coarse. This condition explains the rela- 
tively low water-holding capacity of these soils. 

Also as aconsequence of this type of soil, the beaches slope steeply and 
are narrow. The loose sands are easily shifted about by water. The dune 
terraces are steep. The sands are not easily blown about by wind to form. 
high dunes. Percolation of water through the soil is rapid and the surface 
dries quickly. After a rain, or between the tides, the top soil dries very 
rapidly. The calcareous particles retain a surface, hydroscopic film of 
water and perhaps some combined water, which can only be driven off at high 
temperatures and which is of no use to the plants. Root penetration is 
easy and most of the plants have deep roots, reaching well below the dry 
top soils. There are such long spells without rain, however, that the 
soils probably become dry as deep as the water table. 

The beaches accumulate abundant seaweeds, such as Sargassum, Thalassia, 
Cymodocea, and algae, especially Yalimeda, with a few animal remains. Such 
organic debris begins the addition of humus to the calcareous sands. The 
strand plants add to this humus, and movement of the sand mixes these or- 
ganic materials with it. As the sands become stabilized, this humus forms 
an upper horizon that is the most important factor in retaining more soil 
moisture, thus enabling mesophytes to replace xerophytes to form a hainnock 
forest. 

There seems to be a gradual increase in particle size of the sands from 
Key West westward. Certainly at the Tortugas the sands are coarsest, be- 
cause of the abundance of parts of coral, especially on some of the low is- 


lands. 


Rainfall and Temperature 


The mean annual rainfall decreases regularly westward from over 60 inch- 
es at Miami, to 42 inches at Long Key, 38 inches at Key West, and about 33 
inches at the Dry Tortugas. The few records for the Tortugas are far from 


complete, but the Key West records cover a long period, over 70 years. All 


ECOLOGY AND TOPOGRAPHY OF THE SAND KEYS OF FLORIDA 145 


the records for the Florida Keys show two definite six-month periods: a dry 
season from November through April, and a wet season from May through Octo- 
ber. At Key West the wet season averages 28 inches rainfall, whereas the 
dry season averages less than 10 inches. 

This long dry season is the most critical factor of the climate of these 
islands. In some instances there has been less than # inch of rainfall 
during two months. In 1937-1938 there was less than 2 inches of: rainfall 
at the Tortugas from December through March. This seasonally arid condi- 
tion is accentuated by the coarseness of the calcareous sands and is re- 
flected in the vegetation. 

It is easy to recognize the increasingly mesic conditions of the strand 
when a comparison of vegetation is made on the islands from the Tortugas 
eastward along the Florida Keys. The paucity of rain no doubt helps to ac- 
count for the lack of hammock plants at the Tortugas Keys, since enough 
humus has accumulated at a number of places for the development of a more 
mesic vegetation. Although, because of lack of data, direct correlations 
between the vegetation and the rainfall cannot be made, such a correlation 
seems to be clearly indicated. A gradual decrease in rainfall westward, 
and a gradual increase in coarseness of the sands, both contribute to the 
gradual decrease in mesic plant communities. 

The temperature is much less significant, as there is little variation 
along the Florida Keys. Miami has a mean annual temperature only EAA E: 
lower than that of Key West, but may occasionally suffer from light frosts, 
which have never been recorded at Key West. The Sand Keys region is with- 
out any violent fluctuations in temperature. At Key West the mean high 
temperature is from 75 to 88° F. for the year, and the mean low is from 65 
to 78° F. The lowest records are for only a few days and are about 40° F. 
Therefore the vegetation is seldom if ever affected by low temperatures, 


and the average condition is about that of the tropics. 


Wind, Storms, and Light 


These three environmental factors, ordinarily of minor importance in most 
habitats, are unusually effective here. Nearly constant winds, occasional 
severe storms, and intensive sunlight, particularly on the strand, are 
characteristic of tropical shores. These islands are esvecially exposed to 
all three of these conditions. 

The effect of prevailing winds is very noticeable because it produces 
asymmetrical growth forms in some of the plants, and by evaporation tends 
to produce many xeromorphisms, discussed below. The flat-topped, one-sided 
growth form of many dune plants, particularly Tournefortia (see pl. 2, fig. 
1), has been noted and discussed by many observers. Wells and Shunk (1938) 
stress the effects of salt spray in causing limb pruning in such plants, 


and consider the wind not the only cause. This growth form, however, oc- 
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curs far in the interior, on high mountains, and has been described as a 
"Krummholz" type of vegetation. Like Doutt (1941) and many others, the au- 
thor thinks that the limb pruning and asymmetrical growth are almost if not 
entirely due to wind, salt spray playing only a minor role. 

Winds and storms do have the effect of sending salt spray far to the 
interior. A number of leaves of plants over 200 yards from the beach were 
washed after a moderate windstorm, and a titration of the water with silver 
nitrate showed the presence of chloride. The salinity of soils away from 
the direct spray of the beaches is increased by storms. 

The action of wind on a few woody plants to produce changes in growth 
form, and the occasional carrying of salt spray far to the interior, are 
much less important than the effects of wind, with high temperature, on the 
rate of transpiration. The evaporating power of the air was measured at a 
number of places by Livingston porous-cup atmometers, and the rate of evap- 
oration per day was found to average 30.1 cc. near the beach, 28.5 in the 
strand scrub, and 20.6 in the more protected mangrove swamps, for two 
periods of 15 days each. This relatively high rate of evaporation in- 
creases the xeric conditions of the strand and, with the low water content 
of the coarse strand soils, produces extremely dry habitat conditions. 
These islands have more constant winds than those farther north, because 
they are longer in the trade-wind zone and are imore exposed. 

Storms, some of great violence, affect the topography as well as the 
vegetation of these islands. In the detailed descriptions of the islands, 
below, many instances of changes produced by storms are cited. Tropical 
hurricanes are most effective in causing changes in the strand sands and 
the strand plants; the mangrove swamps are best able to withstand them. 
Storms are also effective in the dispersal of some of the plants, blowing 
the seeds and other parts great distances and causing some of the erratic 
distribution of the flora on the Florida Keys. The storms wash salt water 
far into the interior and completely over many of these islands, in some 
cases killing all the vegetation. [here are a few or no islands of this 
group that have not been in some way denuded or partly denuded of vegeta- 
tion over a long period of years. It was impossible to find accounts of 
many of these storms, but in some instances such accounts described the 
shifting of the sands, the breaking and uprooting of the vegetation, and 
the killing of many of the plants by submergence and increase in salinity. 

The intense sunlight, both from above and reflected from the sands, has 
an effect on the vegetation. The amount of this light was not accurately 
measured, but some idea of it was gained through the use of a Weston light 
meter, carried for photography. The quantity of light reflected from the 
sands is almost as great as that from the sky in some places. Light de- 
creased markedly in the interior of a close growth of strand serub or 


strand-hammock forest, but elsewhere the vegetation casts little shade. 
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This intense light has its effect, together with high temperatures and 
wind, in increasing the loss of water from the plants. The light form of 
some plants, as [pomoea pes-caprae, is distinctly different from the shade 


form, being much more xeromorphic. 


Flevation, Inundation, Hrosion, and Accretion 


A consideration of environmental factors would be incomplete without ref- 
erence to these physiographic processes. They are much the most important 
of the factors producing many of the differences outlined above. As al- 
ready pointed out, differences of a few inches in elevation of the soil and 
of a few inches in depth of inundation by the tide account for the essen- 
tial features of the habitats of the strand and mangrove communities. In 
general, the average coverage by water of any of the zones of the mangrove 
swamps, and the average elevation of any of the zones of the strand vegeta- 
tion, are fairly constant from island to island. Changes in elevation of 
the mangrove soils that lessen the depth of inundation produce changes in 
the mangrove forest. Likewise, increases in elevation of the strand soils 
lead to gradual changes in the strand vegetation. None of the islands have 
soils above about 9 feet, and few of the mangrove swamps grow in water over 
2 feet deep at mean tide, so that the little difference of about 11 feet in 
elevation among these islands accounts for most of the differences in veg- 
etation. 

Erosion resulting from changes in direction or intensity of the currents, 
tides, and winds, and from severe storms, may slowly or rapidly affect the 
topography and the vegetation. In the case of storms, many low sand areas 
are completely washed away or shifted about. The muds of the swamps are 
most easily shifted by changes in the currents and in the tidal flow or 
ebb. The steep terraces leading up from many of the beaches to the more 
elevated dune plateaus are mostly the results of wave action during mild 
or heavy winds. New gaps between islands have been cut by storms, changes 
in currents, and the gradual shifting of strand soils. 

Accretion similarly effects changes in topography and consequently in 
vegetation. The gradual accretion of marl, muck, and peat soils in man- 
grove swamps has been discussed. Many of these islands are the direct re- 
sult of such accretions. Over the mud and peat soils built up by the man- 
groves, sand soils often migrate. In general, the accretion of sand soils 
is much more rapid and most directly affects the plant communities. As the 
upper beach builds up dunes, these are shifted to higher levels or farther 
inland. As vegetation increases, these sands become more or less fixed, 
accretion is slowed down, and topographic and vegetation changes are less 
directly due to the results of accretion. These coarse sands do not pile 
up into high dunes, and elevation of soil above about 4 feet is slow and 


only occasional. The sands do, however, readily shift about on the beach 
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and in the sea currents, causing rapid changes in the beach line, bare 
spits, bars, and other formations. On these newly formed sands, plants of 


the strand-beach associes quickly begin the vegetational succession. 


ADAPTATIONS AND XEROMORPHISM 


The distinctive adaptations of the plants of the strand, salt marshes, 
and mangrove swamps to xeric and halic conditions are notable. The most 
obvious of these adaptations consist in form and structural features of 
the leaves, most definitely related to conservation of water in the tis- 
sues. The general term applied to such modification is xeromorphism. 
Xeromorphism in mangrove, salt-marsh, and other plants of saline habitats 
has long been considered an expression of the plants’ reaction to the 
"physiological dryness" of these wet habitats. The striking similarity of 
the adaptations of many strand plants to those of salt-marsh or mangrove 
plants serves to emphasize the probable lack of available water in both the 
dry strand soils and the wet marsh and swamp soils. Here on these islands 
the habitats and plants both offer a fine opportunity to correlate the de- 
velopment of xeromorphism with environmental factors. A number of obser- 
vations and some anatomical studies of structure were made to aid in de- 
termining the most significant adaptations. 

In brief, the environmental factors most conducive to xeromorphism are: 
(1) soil-water salinity, (2) coarse sand soils that retain little water, 
(3) strong and almost constant winds, (4) comparatively high temperatures, 
and (5) intense illumination from above and reflection from the sands. The 
most obvious adaptations are of the leaves, for example, change in position 
during the day, reduction in size, hairiness, succulence, thickened cuticle 
and epidermis, sunken stomata, and other features. Most of these adapta- 
tions reduce transpiration and some aid in water storage. Some of the 
plants have many of these features and others only one or a few. The adap- 
tations of some of the most typical plants of the strand and a few of the 
mangrove and salt marsh are summarized in table 6. 

Keinholz (1926) in his study of the Philippine beach plants, and Harsh- 
berger (1908) in ‘his study of Bermuda dune plants, both made more detailed 
studies of these adaptations. Some information gained from them is includ- 
ed here. 

In the table a number of species with different forms are noted. These 
are in some instances very strikingly due to differences in habitat, but in 
other instances they seem to be entirely genetic. Thus, there are dis- 
tinct shade and sun forms of [pOmoea pes-caprae, and Conocarpus erecta has 
a thick, succulent leaf form on the most exposed stems and a thinner form 
on the more protected stems. In Ipomoea the shade-form leaf is half or a 
third as thick as the sun form, and has little or no water-storage tissue 


and no lower palisade. In Conocarpus, besides the two leaf forms of C. 


o 
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erecta there is a silky-leaved variety, sericius, that seems definitely 
genetic. Similarly Borrichia arborescens has two forms, one hairy and the 
other smooth. Some taxonomists distinguish the two forms as distinct spe- 
cies. They may be entirely genetic, as no definite correlation between 
habitat and either of the two forms could be noted. 

Bowman (1917) in his study of the red mangrove, and the author in simi- 
lar anatomical studies of mangrove leaves of all species, have found that 


in Rhizophora, Laguncularia, and to a much less extent Avicennia, an in- 


Table 6. Summary of some of the structural adaptations of the leaves of 
certain strand, salt-marsh, and mangrove plants 


Type of adaptation Typical species with these adaptations 


Change of position .........2+++.. Ipomoea pes—-caprae, Canavali lineata, Chamaesyce buxi- 
folia 


HairineSs ...ccccccccccsesccceeece LOurnefortia gnaphalodes, Lantana involucrata, Borrichia 
arborescens (hairy form), Conocarpus erecta var. seri- 
cius, Capparis jamaicensis, Gossypium hirsutum 


Succulence ...ccccececccccssceees SeESUVium portulacastrum, Cakile lanceolata, Scaevola 
plumeri, Ipomoea pes-caprae (sun form), Tournefortia 
gnaphalodes, Iva imbricata, Conocarpus erecta, Laguncu- 
laria racemosa, Maytenus phyllanthoides, Batis maritima 
(succulent stems: Salicornia perennis, Opuntia spp.) 


Thick cuticle, thick epidermis .. Scaevola plumeri, Ipomoea pes-caprae, Conocarpus erecta 
(thin-leaf form), Rhizophora mangle, Canavali lineata, 
Cakile lanceolata, Borrichia arborescens (smooth form) , 
most of the grasses, the palms 


Sunken stomata ......eeeeeeecceees Ipomoea pes—caprae, Scaevola plumeri, Sesuvium portu- 
lacastrum, Lantana involucrata, Conocarpus erecta, 
Rhizophora mangle, Laguncularia racemosa, Borrichia 
arborescens (smooth form) 


crease in thickness particularly due to increase in water-storage hypo- 
dermis occurs in the leaves of plants grown in salt water of high concen- 
trations as compared with those grown in water of low salt concentration or 
fresh water. The more shaded leaves are thinner than the more exposed. 
Batis and Salicornia, salt-marsh plants, have succulent leaves and stems 
respectively, the tissues being filled with a salty sap. 

The similarity between some of these succulent salt-marsh and mangrove 
plants and the succulents of the strand-beach and strand-dune communities, 
and the usual presence of some salt in the soil water of the upper beach 
and dunes, makes it difficult to determine which factor, salinity or dry- 
ness, produces this xeromorphism. The fact that many of the strand species 
are normally associated with some salinity of the soil water but can grow 
in almost nonsaline situations, as they do on the top of Fort Jefferson, 


indicates that succulence and other adaptations of strand plants are prob- 
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ably due mostly to xeric conditions and little if at all to haillile condi- © 
tions. 

Some strand plants and most of the mangroves have been considered halo- 
phytes. The former are facultative halophytes, but for the most part sim- 
ply xerophytes with little need for salt. In the case of the mangroves, 
many plants of all three species in Florida have been grown without diffi- 
culty for from 3 to 5 years in salt-free soils and water, a fact which in- 
dicates that they are not obligatory halophytes. No doubt further studies 
would show that the habitat preference of many of these strand and man- 
grove plants may be for some salinity, but that they are facultative to 
many different degrees of salinity. The essential inference here is that 
both halic and xeric conditions may produce the typical modifications of 
xeromorphism. It is almost impossible to state which factor, dryness or 


saltiness, produces the particular adaptation. 


PART II. DETAILS OF THE ISLANDS 


THE GROUP NEAR KEY WEST 


Topogranhy 


Boca Grande Key, Man Key 1.2 miles east of it, Ballast Key 750 feet far- 
ther east, the group composing the Woman Keys 2 miles still farther east, 
and Crayfish Key 2 miles still farther east form the southernmost chain of 
islands of the group near Key West (see fig. 1, p. 121). All are formed on 
the dissected southern rim of the oolite limestone bank described above 
(see "Location, topography, and geology"). All but the sinall Crayfish Key 
have sand beaches and plateaus as well as flooded mangrove-swamp areas. 
Barracuda Key, about 3000 feet north of the Woman Keys, and these southern- 
most islands were the only ones studied in any detail. 

There has been a certain amount of confusion regarding the names of Man 
Key and the Woman Keys. United States Coast and Geodetic Survey chart 584 
names the island nearest Boca Grande Key, Woman Key. Millspaugh names it 
Man Key, and local fisherfolk use no consistent name. The oldest authority 
found was a military map by Lieutenant J. C. Ives, of April 1856, which 
names it Man Key. Therefore the island nearest Boca Grande Key is here 
considered Man Key, and the group of islands farther east, south of Barra- 
cuda Key, are the Woman Keys, or Woman Key. The plural is used here be- 
cause, although the island was in one main piece before Lansing's surveys, 
it has been in two parts for a long time. 

The probable mode of formation of the southernmost row of islands, by 
differential erosion of the limestone bank, has been outlined above. Boca 
Grande Key, the largest, was left with a large area of exposed oolite rock, 
and Man Key has some of this rock exposed at low tide in the lagoon that 
penetrates its center from its western end. This rock also appears around 
the southern end of Ballast Key and in the shallows south of the eastern 
part of the Woman Keys. The beaches, sand plateaus, and inundated mar1—mud 
areas of each of these islands have probably built up around and over the 
elevated rock areas. The islands all differ in size and shape and in the 
relative areas of sand and mud. Ballast Key has no marl areas except mud 
accumulated in a nearly filled-up pond. Barracuda Key is nearly all of low 
elevation, with only narrow sand ridges around parts of a ponded interior. 

The two Mullet Keys, Cottrell Key, the Archer Keys, Mule Key, and Cray- 
fish Key are all completely or almost’ completely inundated by the tides. 


We shall not consider any of these in detail. 


Boca Grande Key 


Tovogravhy. Boca Grande Key is the largest island of the group near Key 


West. It is also the only island of the Sand Keys with large areas of rock 
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Fig. 3. Boca Grande Key 


exposed at the surface. It may, therefore, be considered as probably the 
oldest and most permanent island of the Sand Keys. The rock shelf of which 
its central part is composed is an elevated part of the underlying oolite 
limestone rock. The present Boca Grande Key consists mainly of calcareous 
sands and mangrove-swamp muds accumulated around this central rock plateau. 
The sands have accumulated on the west and south sides, and muds, muck, and 


peat in mangrove swamps on the north and east sides. Lansing was entirely 
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mistaken in referring to the rock plateau as "consisting principally of 
small bits of coral rock." 

Since this island is built on and around oolite lime rock, it probably 
has not changed much in either shape or elevation. The government charts 
and maps indicate little change during the past 75 years. Some parts of 
the southern and western beaches seem to have eroded away and later been 
extended from time to time. At present the shoal area around the south- 
western tip shows signs of aggradation. The mangrove areas of the north 
and east sides are gradually extending out into the shoal water which sur- 
rounds the island on those sides. The deep Boca Grande Channel, to the 
west, cuts near the northwestern shore and prevents any extension in that 
part of the island. 

At present (fig. 3) a narrow sand plateau of about 4 feet elevation ex- 
tends around about half of the island from its northern border along all 
its western border and more than half its southern border. A narrow beach 
extends around nearly all of this sand-dune plateau. There is usually a 
steep terrace from the beach to the dune plateau. 

Inland from the sand-dune plateau is a large rock plain of low relief, 
with three large, shallow depressions covered by ponded water only partly 
or not at all affected by the tide. The highest parts of the rock plain 
extend in a U shape around the largest of these ponds. Over the lower, 
flooded parts of the plain, bordering and covering parts of the ponded 
areas, are mangrove flats. Over the intermediate parts of the plain, be- 
tween the flooded and highest parts, the rock is bare or only thinly cov- 
ered with soil. This rocky area supports a salt-water marsh associes. 

The tide-flooded parts of the island include most of the northern and 
eastern and part of the southern areas. The mangrove swamps of this part 
were difficult to survey and their boundary is not well known. 

The border between the dune plateau and the inland rock plain or the 
mangrove swamps is usually a steep terrace 2 to 4 feet high. As the dune 
sands are carried slowly farther inland, this inner terrace face of the 
sand strand is moving over the swamps and rock plain. This extension of 
the sand strand inland seems, however, to be very slow. 

Most of the topographic features of this island are similar to those of 
the larger islands of the oolite limestone keys near Key West. A central 
rock plain, a shore-border sand plateau and beach, and tidal-flat mangrove 
swamps are three chief features of many of the Florida Keys. Thus Boca 
frande is the only island of the Sand Keys that furnishes a good example of 
conditions prevalent on most of the other large islands of the western 
Florida Keys. 

Vegetation. The central rock plain of this island has a rock—hammock 
associes and a salt-marsh associes, neither of which is found on the other 


islands, because the latter do not have rock plains. Some marl soils and 
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sandy marl soils such as encourage the development of hammock forests do 
exist on some of the other islands, put not over areas of sufficient height 
above the tide to form even a scrub hammock growth. The rock hammocks and 
the salt marshes found here are, therefore, unique among these small is- 
lands, although they are very common on the larger islands of the Florida 
Keys east of Key West. 

The strand communities are well developed on the beach and the strand- 
dune plateau. The mangrove swamps are fairly well differentiated into dis- 
tinct Rhizophora associes and Avicennia associes. Conocarpus occurs with 
some of the strand-hammock plants or simply as individuals along the border 
between the swamps and the strand. [Lagsuncularia also grows in the border 
zone and frequently is abundant in the mature Rhizophora associes of the 
swamps. A few of all three mangroves are to be found along some parts of 
the beach side of the island, growing on the lower beach and out into shal- 
low water offshore. 

The rock-hammock associes (pl. 2, fig. 2) is distinct although there is 
much similarity of species between it and the strand hammock; see tables 2 
and 3. Pithecolobiun unguis-cati, Maytenus phyllanthoides, Opuntia’spp., 
Thrinax narviflora, Bumelia angustifolia, Canpparis flexuosa, Cordia sebes- 
tena, and the epiphytes Tillandsia aloifolia and Fpidendrum tampense (pl. 
4, fig. 1) are fairly distinctive of the rock hammocks. Some of these spe- 
cies and many more are found in the hammocks of the larger Florida Keys 
near Key West; see table 3. 

The difference in soils mainly accounts for the difference in vegetation 
between the sand and rock hammocks. Rock hammocks are on thin marl soil 
with abundant humus, whereas strand hammocks are on deep. sand soils. Both 
are somewhat mesic, but the rock hammock more so. On Boca Grande Key, how- 
ever, the marl soil is so thin over the rock that good conditions for 
growth of a hammock do not exist and the rock hammock is poorly developed. 
fhe plants are scrubby and many of them are dead or dying. Salt water from 
high tides and storms covers the area and causes death or retardation of 
some of the plants. The workers of the U. S. Plant Quarantine Service have 
eradicated nearly all the wild cotton, Gossypium hirsutum, from the area, 
and fires set by them or other persons have burned out many of the shrubs 
and trees. Millspaugh's account indicates a more thickly spaced growth 
than exists at present. 

Around the small groups of trees and shrubs that form the scrubby ham- 
mocks grows a salt-marsh associes of a nunber of low shrubs and herbs, ex- 
tending over the rock plain to the Avicennia trees and bushes which grow 
around the ponds. Between the normally flooded shores of the ponds and the 
parts sporadically flooded by rain, tide, or storm waters there is a zone 


nearly destitute of any plant cover. Much of this zone is bare rock broken / 
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and eroded to form a rough plain (pl. 2, fig. 2). Patches of Salicornia 
perennis (pl. 3, fig. 2) and Monanthochloe littoralis cover some few parts 
of the area. Evaporation of water and consequent concentration of salt 
make the thin soils very salty; on some of these low, flat places the soil 
solution is over 10 per cent saline. On less salty, deeper, and more ele- 
vated soils, both the above plants cover large areas, and Batis maritima 
becomes abundant. Batis also grows abundantly with Avicennia in the flood- 
ed ponds. These three salt-marsh plants form fairly distinct zonal facies 
of the salt-marsh associes over the lower parts of the rocky plain. 

At intermediate elevations of the rocky plain around and between the 
plants of the rock-hammock associes grows a varied assemblage of plants 
forming another facies of the salt-marsh associes. The most frequent and 
constant species of this associes on Boca Grande Key are Sesuvium portu- 
lacastrum, Dondia linearis, Borrichia arborescens, Limonium carolinianum, 
Flavaria lineata, Melanthera nivea, Osmia frustrata, and Sporobolus domin- 
gensis. Small bushes, Maytenus, Gossypium, Cordia, and other shrubs, grow 
among these plants. There is not as sharp a line of demarcation between 
the marsh and hammock as is indicated on the map (fig. 3). 

The strand communities, with the exception of the strand-beach associes, 
are well developed. Because of a very narrow beach and an abrupt rise of 
3 to 4 feet to the dune plateau, the few typical strand-beach plants just 
above the wave line are widely scattered as individuals or in small colo- 
nies. Cakile, Sesuvium, Cenchrus, anda few individuals of Journefortia are 
the commonest plants on the upper beach or on the edge of the outer face of 
the plateau. 

The long dune plateau, extending over a mile along the western and 
southern shore of the island, averages about 60 yards wide and is of about 
4 feet elevation. JUniola paniculata dominates the whole length of this 
strand-dune associes. With it are associated most of the species listed in 
table 1. Some of the most frequent and constant of these are Chamaesyce, 
Waltheria, Andropogon heteroflorus, Canavali, Flavaria, and Hymenocallis. 
Patches of Suriana occur. 

Near the northwest end of the island the strand plateau widens out, and 
over the interior of this wider part a strand-hanmock associes appears. 
This is not: so well developed here as on some of the Marquesas Keys, but it 
is the only one on the islands near Key West. The commonest trees and 
shrubs of this strand-hammock associes are Jacquinia keyensis, Pithecolo- 
bium guadalupense, Capparis jamaicensis, Metopium toxiferum, Conocarpus 
erecta, and Suriana maritima. The abundance of the latter and the presence 
of Solanum and Lantana are indicative of conditions similar to those in the 
Strand-scrub associes, which is the highest development of strand vegeta- 


tion on the other islands of the group near Key West. The small size of 
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the hammock plants and the small number of species present clearly indicate 
that this associes is poorly developed and not nearly so mesic as a similar 
community on Long Beach Key. 

The border between the strand plateau and the mangrove swamps, ponds, 
or salt-marsh flats is abrupt. Along that part where large mangroves shade 
the sand dunes, Hymenocallis and Sesuvium are abundant down to the water 
level, where Batis becomes a dominant under-story plant beneath the man- 
groves. 

The extensive mangrove swamps are composed in the main of two communi- 
ties, the mature Rhizophora consocies and an Avicennia salt-—marsh associes. 
Neither of these is exactly similar to the community of the same name 
described by the author (1940), for the part of the swamp dominated by 
Rhizophora contains many Laguncularia and some Avicennia, so that it might 
better be termed an associes, and the Avicennia parts of the swamp have few 


or no salt-marsh plants, Batis only occasionally covering local areas. 


Han Key 


Topography. This is a long island, 4200 feet, with a narrow beach and 
dune area along its whole southern side. At the eastern end there is a 
bare sandy hook. Only a shallow channel separates it fron Ballast Key, but 
there is no record that the two were ever joined. See figure 4. 

The beach and dune area is narrow, widest at its eastern end, about 250 
feet, and averaging only 150 feet along most of the southern front. The 
dune plateau averages from 3 to 4 feet high, and a steep dune terrace ex- 
tends along most of the beach. 

Back of the dune plateau is a broad, inundated part, average width 750 
feet, into which a lagoon 1500 feet long (pl. 1, fig. 1) extends from the 
northwestern edge of the island. Small islets of mangroves grow in this 
lagoon on or about some of the lime rock exposed at high tide. Large flat 
areas extend over much of the interior. About three-fourths of the island 
is swamp and one-fourth strand. 

Vegetation. The vegetation is distinctly zoned. The long beach is nar- 
row, with only a few patches of the plants of the pioneer strand—-beach as- 
socies on the dune terrace or upper beach. The dune plateau is also nar- 
row, and is completely covered, except at the eastern end, by the strand- 
dune associes, with Jniola, Canavali, Andropogon, Flavaria, 4ymenocallis, 
and Bradburya some of the most frequent and constant plants. A small eroup 
of shrubs at the eastern end includes some fairly large Pithecolobium $sua- 
dalupense bushes, and a strand hammock has begun to develop. 

There is a distinct belt of black mangroves, Avicennia nitida, between 
the dune plateau and the lowest parts of the key, which are covered almost 


entirely by a large red mangrove swamp. There is one large area in the 
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interior of the red mangrove forest given over to Avicennia. A few Lagun- 
cularia trees grow with the black and red mangroves. The shore parts of 
the swamp are of large Rhizophora trees, but there are large areas in the 
interior covered by a growth of low red mangrove bushes. 

The narrowness of the strand—dune area, the nearly complete absence of 
strand-scrub and strand-hammock plants, and the large areas covered by the 
nangrove-swamp communities are distinctive features of this island. Peat 
is accunulating in the swamp, but the sand areas are either young or not 


being built up very rapidly. 
Ballast Key 


Tovography. Ballast Key (fig. 4) is small, oddly shaped, almost com- 
pletely built of sand, and considerably changed since it was described by 
‘Millspaugh. There are aow 750 feet of water between Man and Ballast keys, 
whereas Millspaugh reported that "this small key is separated from Man Key 
by a channel so narrow that the branches of the mangroves of both nearly 
touch." The present wide gap between the two seems to be due to the ero- 
sion of a small part of the western side of Ballast Key and a larger part 
of the eastern end of Man Key; that is, if the black mangrove pond shown by 
Millspaugh was located where a dried pond with fringing black mangroves now 
occurs. Also this island has increasedagreat deal in size if Millspaugh's 
measurenents were anywhere near correct. He considered the area of the 
island to be less than 14 acres, whereas it is now about 10 acres. It 
seems entirely probable that the measurements given by Millspaugh in feet 
should have been given in yards. If this correction is made, the area fig- 
ures are more nearly comparable. Some of the western part of the island 
has been eroded, leaving a steep wave-cut terrace, and the northern prong 
of the island has been extended. 

The present island is a sand plateau with many parts 4 feet high, except 
for a dried-up pond in the southern triangular part of the island, a gently 
Sloping beach along its eastern side, and a low shore with mangroves along 
the northwest point, extending into the shoal area near by. The average 
elevation of the sand plateau seems certainly to have increased Since 1904, 
and the changes in shape indicate a shift of the island toward the north. 
The southern part of this island is the part described by Millspaugh, the 
northern part being more recent. 

Vegetation. With the exception of the triangular dry pond and fringing 
Avicennia near the southern end, the colony of shore mangroves at the 
northwestern end, and a few mangrove bushes in a swale on the western side, 
the whole island is a strand-dune associes with a few strand—beach plants 
on the upper part of the gently sloping beach. This strand—dune associes 
is particularly notable because of the almost complete absence of Chamae- 
syce, the presence of large patches of Ambrosia hispida on the highest, 
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driest parts, and the relative abundance of Tournefortia near or on the 
dune terrace. 

Both Batis and Borrichia form colonies near the dried pond, and grow 
among the few black mangroves that now remain around it. Stumps of Avi- 
cennia and an accumulation of peat and muck in the pond attest the former 
existence of a larger swamp there. All three mangroves grow on the ex- 
tending shore at the northwest end of the island, and Dondia is associated 
with them. 

A number of coconut palms have been planted in recent years around the 
edge of the strand plateau on the southern and eastern shores. This is- 
land is owned by Mr. N. B. Thompson, of Key West, and may be further plant-— 


ed with fruit or ornamental plants. 


Woman Keys 


Topography. The two largest parts of this group of islands and mangrove 
islets (fig. 5) are the eastern and western parts, now separated by a shal- 
low but swiftly flowing 300-foot channel. This passage was there in 1904 
but was very narrow. A storm in 1909 widened the passage, but it is now 
being: closed again by the growth of a number of red mangrove colonies. The 
length of the eastern part is now 1650 feet along its southern shore, and 
its average width is about 600 feet. The length of the western part is 
1850 feet along its southern shore, and its average width is 750 feet. The 
former has a beach and strand-dune plateau along its whole southern and 
-most of its eastern shore, whereas the latter has only a small area of 
beach and open strand at its southeastern end, and nearly its whole south- 
ern shore is fringed by mangroves, back of which is a sand-plateau ridge. 
This long sand ridge was not noted by Millspaugh, and he thought that near- 
ly the whole island was a mangrove swamp; but no doubt the ridge existed 
then and was hidden from view by the fringing mangroves. 

Back of both the open sand plateau on the eastern part and the enclosed 
sand ridge on the western part are large inundated swamps. A shallow la- 
goon covers part of the eastern part. A fairly large mangrove colony forms 
an islet about 450 feet in diameter lying 150 feet north of the western 
part, to which it may soon become joined. This mangrove islet has been 
named by some persons Boy Key. 

Vegetation. The eastern part has such a narrow beach that few communi- 
ties or individuals of the strand-beach associes exist there. The strand 
plateau is very low, seldom over 2 feet above the tide, and its vegetation 
is an uncommon variant of the usual strand-dune associes, for here there is 
less than 5 per cent coverage by Jniola. Spartina patens and Andropogon 
“sp. dominate the comnunity. More community groups dominated by Sesuvium, 
Borrichia, Dondia, and Batis occur than is usually the case. The paucity 
of niola and the abundance of Spartina and other more halophytic plants, 


160 PAPERS FROM TORTUGAS LABORATORY 


especially in the depressions of the plateau, may be due to the general low 
elevation of this strand area. 

Around the eastern end of the island there are a few scattered thickets 
of Suriana, Pithecolobium, and Solanum, forming an incipient strand scrub. 
There is also a group of the silky-leaved variety of buttonwood, Conocarpus 
erecta var. sericius; this is one of only two locations on these islands 
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Fig. 5. Woman Keys 


where this variety grows naturally, the trees at Garden Key having prob- 
ably been planted there. 

The mangrove-swamp area is distinctly zoned, with the Avicennia associes 
zone on the higher parts and Rhizophora over the most submerged parts. 
Batis is common in the Avicennia associes on the soils not normally tide- 
covered between the strand dune and the flooded mangrove flats. 

The west part of the Woman Keys has only a small beaci area at the east- 
ern end, around a shack built there by rum runners. This low strand sup- 
ports a few of the strand-beach and strand-dune plants. Along the other 
part of the southern shore a well developed mixed growth of Rhizophora, 
Avicennia, and Laguncularia, with Conocarpus on the slopes of the sand: 
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ridge, forms a shore-fringe mangrove associes. On the long sand ridge back 
of this mangrove fringe has developed a thicket growth of shrubs and coarse 
grasses to form one of the best of the strand-scrub associes found on these 
islands. Solanum, Guilandia, Lantana, Krithalis, Suriana, and Borrichia 
are the most frequent shrubs; Rivina, Hymenocallis, Flavaria, Melanthera, 
Calonyction, Canavali, Cyperus, Chloris, and Panicum amarulum aid in form- 
ing the scrub associes. A few Conocarpus and Avicennia trees grow up to 
the top of the ridge, which is from 75 to 125 feet wide along most of its 
length and averages over 3 feet high. 

Besides the shore-fringe mangroves, there are three mangrove communities. 
A small Laguncularia consocies, with Batis as an under growth, covers near- 
ly an acre inland from the eastern patch of open-strand plants. A large 
Avicennia associes extends from the sand ridge northward over a wide, shal- 
lowly flooded flat area, and a large Rhizophora consocies in the deepest-— 
water parts covers about half the island. Boy Key is altogether a mangrove 
colony, mostly of Rhizophora with some Avicennia trees in the center. 


Barracuda Key 


Topography. This is the second largest island of the group near Key 
West, and covers over 230 acres (fig. 6). A large, shallow pond, of an 
average depth of 3 feet, covers over a third of the area. Low ridges of 
sand with some marl extend in a broken chain around the west, north, and 
east sides. Between these narrow ridges and the pond, and over all the 
southern part, the island is flooded. Some of this surface water is af- 
fected by the tide, but some of it is ponded back of the ridges. No effect 
of tide on the large pond was observed. 

Only a few sand-marl ridges form beaches on the eastern side. The sand 
ridges of the west side, noted by Millspaugh as fronting on the sea with 
beaches, are now all shut off from open water by mangroves. The western 
“ridges are about 3 feet high, but the northern and eastern ridges are sel- 
dom above a foot. These latter must be of recent origin and seem to be 
building up rapidly. The long southern tongue of the island seems to have 
shortened, and some of the open-water areas of the southern part have 
filled up with mangroves. How Lansing failed to note the large interior 
pond is a question, as it has been known by fisherfolk for as long as any 
have visited the island. Lansing evidently did not penetrate the interior 
of this or many of the other mangrove-clad islands. 

Vegetation. All the key except the sand-marl ridges is a mangrove swamp 
of two fairly distinct communities. Over the shallow-water flats around 
most of the pond is a thicket growth of Avicennia with little or no salt- 
marsh herbage. This is a typical scrub Avicennia consocies. Rhizophora 
forms a scrub consocies on similar flats to the east and south of the pond. 


Larger red, black, and a few white mangroves grow over many parts flooded 
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by deeper water than the scrub flats. Rhizophora and Laéuncularia are most 
frequent along the shore. 

The highest sand ridge parallel to the western shore is an old strand- 
dune associes that in some places is almost a scrub or hammock associes. 
Conocarpus and Pithecolobium sSuadalupense are the largest trees, with a 
number of old Avicennia trees over parts of the ridge bordering the man- 
grove swamp. Over most of the ridge there is a sparse growth of strand- 
dune plants: Melanthera, Cyperus, Andropogon, Hymenocallis, Dondia, Opun- 
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tia, Calonyction, Sporobolus, and a few Suriana bushes. The absence, or 
small number, of Lantana, Solanum, and Guilandia is difficult to explain in 
a situation where conditions are so similar to those in many of the strand- 
scrub associes of which these plants are fairly constant members (table 2). 
The low sand and marl ridges that border on the northern and eastern 
shores form a few short beaches where fringing mangroves have not grown out 
in the shallow water in front of them. On these beaches and ridges are 
mixtures of the salt-marsh and strand-beach plants, forming colonies with- 
out any definite associes character. The most frequent plants are Batis, 
Sesuviun, Borrichia, Panicum amarulum, and Dondia. Where the mangroves grow 
large, they may shade the entire ridge. The higher and the sandiest of 
these ridges have Suriana and other shrubs typical of the strand scrub. 
Other mangrove-covered islands were not studied in detail, but their 
vegetation is much the same as that of Barracuda Key except that none of 
them has so extensive a sand ridge with strand vegetation. In general on 
these islands Rhizophora and Laguncularia grow in the deeper-water parts, 
Surrounding Avicennia in the shallow-water parts of the interior. 


THE MARQUESAS ATOLL 
Topography 


Some of the main features of the elliptic Marquesas atoll and the prob- 
able mode of its formation have been pointed out above. The islands now 
present around the shallow channels and shoal water of the interior basin 
are located and given identification numbers in figure 7. Although there 
are about twelve islands and islets and a number of isolated small man- 
grove colonies, these can be considered in six main groups. From the 
southwestern end of the atoll proceeding around the ellipse clockwise they 
are: I, Southwest Key, now two islands but recently three and in 1904 only 
one; II, the Rookery Keys, a group of two small sand islands and a large 
mangrove colony; III, Long Beach Key, in three parts: two sand-strand 
areas, one at é€ach end of the crescent, and a long, low connecting area of 
mangrove swamps; IV, a large island, with only a small sand-strand area at 
its southern end, that has no accepted name, for convenience here called 
Southeast Key; V, two small islands that seem to have been formerly one, 
now known by fishermen as the Gull Keys; VI, a small circular island named 
Round Island on old U. S. Coast and Geodetic Survey chart 170; and VII, 
Mooney Harbor Key, by some termed Conch Key. 

All the islands, with the probable exception of one (Millspaugh's B), 
are now present that were described by Millspaugh, but many of these have 
changed insize and shape and have divided since that date, 1904. Southwest 
Key has been divided into three parts and is now in two; the two Gull Keys 
were formerly one island; the Rookery Keys have changedinsize. In general 


there has not been as much growth or coalescence of islands as might have 
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been expected. Millspaugh, after describing some of the factors of accre- 
tion, says, "All of these natural forces are uniting te form, in course of 
time, a solid island embracing this whole group." Such a tendency to form 
an unbroken ellipse is not present, for the tide and other currents must 
force their way into and out of the central basin. The southeastern chan- 
nel, between the southern end of Long Beach Key and Southeast Key, has wid- 
ened instead of decreasing. The southwest channel has split into at least 
two parts, one of which now flows through the cut made by a hurricane be- 
tween parts A and B of Southwest Key. 

The shoal areas seem to be extending and the deeper-water parts narrow- 
ing. The data on soundings indicate a gradual filling in of the center of 
the atoll and extension of shoals outside the fringe of islands, especially 
southward. The total land areas of all the islands have not increased 
greatly, except that if Millspaugh'’s measurements of the smaller islands 
are anywhere near correct, the Gull Keys, Round Island, and Mooney Harbor 
Key have increased many times. For instance, he gave the sand strip on 
Mooney Harbor Key as 100 by 25 feet, whereas the island now has a southern 
sand plateau over 1500 feet long and 150 feet wide. One of the two Gull 
Keys was then a small islet of about 15,000 square feet, whereas the sand 
areas of the two are now over 130,000 square feet. The sand areas of the 
larger islands have not increased as greatly. The swamp areas of all of 
them seem to have increased. 

Comparison of old and recent surveys shows that the ring of islands is 
closing up to some extent on the southern side by reason of the enlargement 
of the individual islands, and probably the mangrove swamps are extending 
farther into the central shoal areas back of all the islands. [It is prob- 
able, however, that the Marquesas Keys will remain a broken ring of islands 
for many years to come, because storms will continue to cut passages be- 
tween them and the channels will keep their openings into the basin of the 
atoll. 

Details of each island will bring out further topographic features and 
changes. They will be taken up in order from Southwest Key clockwise 
around the ellipse. 


southwest Key 


Topography. The present island is in two parts, and has recently been in 
three, A, B, and C of figure 8. Probably since 1910, B and C were cut off 
from A by a storm, and they are now separated from -it by a 550-foot channel 
with a strong tidal current which will probably keep them from growing 
back to the main part of the island. Millspaugh's description of the is- 
land for 1904 shows it all in one piece and about 14 miles long. The total 
length of the three parts is now 3000 yards, and therefore has increased, 
particularly if the eroded gap between parts AandB is included. The width 
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of the sand plateau now averages over 4090 feet, whereas Millspaugh noted it 
as 300 feet wide. Thus the total area of the present parts is materially 
larger than in 1904, although the island has been divided twice by hurri- 
canes since that date. 

The gap that has filled in between parts % and C was shown as water in 
U. S. Coast and Geodetic Survey chart 1252, from surveys to 1921; but prob- 
ably the surveys were earlier for this Marquesas group, so that it is prob- 
able that the gap has been filled within the past 25 years. The sand area 
is now from 75 to 200 feet wide and averages about 2 feet in elevation. 

The northern part of the island has a narrower sand plateau than the 
southern part. The eastern part has two sand hooks projecting back toward 
the shallows of the interior of the atoll, and they are probably beginning 
to round out the shape of this part to make it similar to that of other is- 
lands of the southern border of the atoll. The dune plateau has from 3 to 
5 feet elevation, and its width and well developed vegetation indicate that 
the sands have been well stabilized. 

Vegetation. Only a narrow beach skirts all three parts, so that there 
are few of the strand-beach plants except on the new soil that has filled 
in the gap between the northern and southern parts. Here the pioneer 
plants are mainly Sesuvium, Dondia, ‘Tournefortia, lniola, and Suriana, in- 
dicating that these plants are important in the stabilization of recently 
formed land. 

The strand-dune associes covers a belt about 100 to 200 feet wide, with 
Yniola, Andronoson, Chamaesyce, Canavali, Sporobolus, itymenocallis, Ambro- 
sia, Flavaria, and Journefortia the most frequent plants. Suriana and a 
number of bushes of the nore interior strand scrub occur as individuals or 
in patches. 

The shrub zone is a transition type of strand-scrub associes which in 
some places is almost well enough developed to be considered a young ham- 
mock. Pithecolobium, metovium, Coccothrinax jucanda, and Conocarpus are 
the important plants of this most highly developed vegetation. [Lantana, 
Suriana, krnodea, Borrichia, mMelanthera, and Ambrosia are plants of the 
more typical scrub associes. 

Mangrove swamps flank the strand vegetation on all three parts of the 
island. The swamps are relatively narrow, and there is no distinct zona- 
tion of Avicennia and Rhizophora; these two, with Laguncularia less fre- 


quent, form a mature mangrove associes. 


Rookery Keys 


Topography and vegetation. The group of three small islets and mangrove 
colonies about a thousand yards northeast of the northern end of Southwest 
Key are here collectively termed the Rookery Keys because the largest of 


the three is now a mangrove colony where a number of pelicans and herons 
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roost and nest. Millspaugh describes three small islets of this same lo- 
cality, identifying them as Marquesas B, C, and D, but he does not indicate 
their distance from one another or from neighboring islands. The forms and 
sizes of the group have changed so much since his description that it is 
impossible to be sure of the identity of the present islands. His B has 
probably disappeared or is now only the mang rove colony about a hundred 
yards north of the northern tip of Southwest Key. His C is probably the 
Same as the present A of the Rookery Keys as shown in figure 8, and his D 
is probably the same as C in the same figure. The present mangrove swamp 
B, in the same figure, is probably a recent growth of mangroves in the 
shoal waters, as there is no exposed sand here and the trees all seem to 
be young enough to have grown since 1904. 

If the above correlations are correct, thenMillspaugh's C, which was 250 
by 50 feet with a central plateau 3 feet above tide, is now 279 feet long 
and between 40 and 90 feet wide, with only a low strand that is frequently 
awash in time of storm. The few remains of a strand-scrub vegetation and a 
colony of mangroves, together with the evidences of wave erosion, indicate 
that the island is being destroyed. It probably grew somewhat after Lan- 
sing's survey and is now decreasing in size. The present vegetation con- 
sists of one small patch of Pithecolobium at the north end, and a few Su- 
riana bushes and Chamaesyce, Dondia, Sesuvium, and Sporobolus scattered 
over the low sand. A few of all three species of mangroves occur at the 
southern end and as a small colony in the water offshore from the northern 
end. 

The present island B of the Rookery Keys is a 600- by 200-foot colony of 
vigorous mature mangroves forming a thick growth in shoal water about 18 
inches deep. Rhizophora is most abundant, frequency about 90 per cent, but 
both Avicennia and Laguncularia are present. As is the case with many such 
mature mangrove colonies used as rookeries, the probable development of 
this island is uncertain. Many of the trees may be killed by the birds. 
The shoal may build up to higher levels and a non-inundated island be 
formed. So far, little peat or muck has accumulated with the marl-mud soil 
of the mangrove colony. 

The third island is about 400 yards northeast of islandA, and may be the 
same as Millspaugh's Marquesas D. It is now only a small, low sand beach 
about 90 by 25 feet, surrounded by a growth of Rhizophora and a few Avicen- 
nia. Dondia and Sesuvium are the main plants on the sand area. 

Thus we see that the Rookery group is little more than the probable rem- 
nants of two former small low sand islands, together with a new mangrove 
colony. Millspaugh supposed that his group would consolidate into a future 
larger island. The failure of the group to grow is probably due to the 
destructive action of storms and the changes in currents affecting the ac- 


cumulation of sand in this section of the atoll. 
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Long Beach Key 


Topography. Long Beach Key is the longest and largest of all the islands 
of the Sand Keys. It extends in a great crescent, the total length of its 
outer shore line being about 5 miles. Both ends of the crescent have sand 
beaches and dune plateaus, but most of the central part is of such low re- 
lief that mangroves cover nearly all of it (fig. 9). This indicates that 
the southeastern and northwestern horns of the island were probably built 
up first, or at least have been more rapidly built up, and that the man- 
grove swamps are a bond between these two parts, perhaps adding land that 
may eventually form a connection composed of soil above high tide. 

The currents that caused the building up of this island have been dis- 
cussed above. The sediments and detrital material were swept most abun- 
dantly toward its two horns, with selective sorting of the finer from the 
coarser materials, the latter being carried along and deposited at the two 
ends to form the beaches and dunes, and the sediment of finer materials ac- 
cumulating on shoals between the horns to form the central mangrove swamp. 

The northwestern beach-dune plateau extends from the northwestern end of 
the island northward then eastward for about 2 miles, and this long beach 
gives the island its name. The beach-dune plateau at the southern end ex- 
tends only 650 yards northward along that horn, but there are a number of 
short, broken beaches northward from it, so that the mangrove connection is 
not continuous. Since Millspaugh failed to note one of these eastern beach 
areas about 280 yards in length, it is entirely possible that beaches are 
increasing along the outer border of the island. The strong flow of cur- 
rents through the southeastern channel at the southern end and through the 
northwestern channel at the western end of the island may retard or even 
prohibit any extension of the island in the direction of its two horns. 

The inner shore is very irregular and is entirely covered by mangrove 
Swamps over the low areas that face the inner lagoons. These low swamp 
areas average about 300 yards in width back of the strand plateau and ex- 
tend across the island at its low middle part. The dune plateau averages 
about 200 yards in width and has a maximum elevation of about 6 feet. This 
Sand strand is about 250 acres in area, or much larger than the strand part 
of any other island studied. The beaches are very narrow, and a steep 
wave-cut terrace about 3 to 4 feet high usually rises to the dune plateau. 
Along most of the northern shore the dune plateau is relatively wide and 
has been so well stabilized that it has developed the most mature strand- 
hammock vegetation of any of the islands of the Sand Keys. 

Vegetation. Distinct zonation of the plant comnunities is apparent on 
this island, and all the strand and mangrove communities are well devel- 
oped. The extensive western and northern strand has a better-developed 
vegetation than the southern strand area. 


The strand-beach associes is almost absent, because of the narrowness of 
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the beach and the abruptness of the dune terrace. Irregular patches of 
Sesuvtum and other upper-beach pioneer plants are most frequent toward the 
extreme western and southern ends of the island. 

On the face of some of the dune terrace and extending about 50 to 75 
yards inland over the dune plateau there is a long, almost continuous 
strand-dune associes. The dominant plant is Jniola paniculata, with some 
others of the common grasses, such as Andropogon and Spartina, locally 
abundant. Waltheria, Flavaria, Chamaesyce, and Ambrosia are some of the 
most frequent associates. The almost complete absence of Tournefortia is 
difficult to explain. Over this outer zone:of the dune plateau occur many 
of the shrubs and trees of the strand hammocks. Coccothrinax jucanda is a 
common native palm; Cocos nucifera and Phoenix palms have been planted. 
The latter were planted in 1910 by Mr. Saunders, one of the guides who ac- 
companied me on the trip in 1940. 

Millspaugh noted that a charcoal burner's cabin was once located near 
the east end of the northern part of this strand area, and Mr. Saunders 
told of having lived on the island at intervals about 30 years ago. These 
habitations probably account for the presence of some of the plants found 
there now or formerly, for example a few royal palms (now dead), Agave 
americana, Coccolobis uvifera, and the date palms. Mr. Saunders raised a 
few tomatoes and other plants, and no doubt all the settlers and their 
stock destroyed or altered some of the vegetation; but few effects of this 
activity can be noted now. An interesting fact is that they could obtain a 
certain amount of nearly salt-free water by seepage into deep holes they 
dug in the dune plateau. This shows that much of the salt is leached out 
of the sands by the rains. 

Back of the outer Uniola strand-dune associes, a thick growth of many 
different trees, shrubs, and vines forms wide strand-hammock associes. The 
hammock zone extends on across the island until it meets the inner margins 
of the mangrove swamps. Over much of the dune plateau this hammock zone is 
over 200 yards wide, and the vegetation is as nearly climax as any encoun- 
tered in the investigation. The most frequent and constant species of this 
associes are Pithecolobium guadalupense, Coccothrinax jucanda, Metopium 
toxiferum, Reynosia sevtentrionalis, Gymnanthes lucida, Krithalis fruti- 
cosa, Capparis jamnaicensis, Panicum divaricatum, and Fugenia buxifolia. 
Many other trees, shrubs, vines, and epiphytes are to be found. The growth 
of the low trees and shrubs is thick, and there is little or no herbage on 
the forest floor. This is by far the best-developed strand-hammock forest 
of any on these islands. 

Between the thick growth of the mature hammock forest and the open, dom- 
inantly grassy plain of the strand-dune associes there is usually a scat- 
tered growth of transitional shrubs forming a strand-scrub associes. Su- 
riana, Lantana, Solanum, Coccothrinax, Ernodea, Smilax auriculata, and 
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Pithecolobium guadalupense are some of the most frequent species. Both 
Lantana and Solanum are less abundant here than in similar NISOONOS on 
other islands of this group. 

In contrast with the western and northern strand area, the southeastern 
strand area has a poorly developed strand-hammock associes of only a few of 
the typical species. Most of the area inland from the strand-—dune associes 
has developed no farther than the strand-scrub associes stage. The strand- 
dune associes is about 80 per cent /niola with other typical species. Some 
species of the strand-beach associes occur on the upper beach areas and 
over low parts of the dune plateau. The lack of a well developed strand- 
hammock associes seems to indicate that this end of the island is younger 
than the northeastern end, a conclusion contrary to that reached by Mills- 
paugh. 

On the broken beaches northward from this southeastern strand area are 
found some of the typical plants of strand vegetation. The longest of 
these beaches is 280 yards long and is 600 yards north of the strand area. 
It is of low relief, with the strand-beach species abundant. A small area 
of strand scrub is developing near its southern end and near the interior 


mangrove Swamps. 


Southeast Key 


Tonography. ‘Southeast Key (fig. 10) is the largest of the chain of five 
islands along the southern border of the atoll. The deep southeast channel 
separates it from the southern horn of Long Beach Key and probably will 
keep the two islands from ever growing together. The entrance to this 
channel is known as Southeast Harbor, and the island is sometimes called 
Southeast Harbor Key by fishermen. 

This island is over 4200 feet long and averages 1200 feet wide, but only 
a smali part of the southwestern end is strand. Millspaugh noted a sand 
ridge with a beach continuing around the southeastern tip of the island, 
but since then mangroves have grown around this tip and the beach line is 
much shorter. This tendency for mangroves to grow in the offshore shallows 
is common to all the southern keys of the atoll. Such a growth probably 
indicates that sediments have recently become more abundant in the shoal 
waters, and the coarser materials that form the beach less abundant. Also 
the waters are probably quieter. Both these interrelated factors aid in 
the spread of mangroves along shores that were formerly bare sand beaches. 

The sand plateau and beach are now over 2100 feet long and about 90 to 
250 feet wide, with an average elevation of 3 feet. The remainder of the 
island consists of flooded or low-elevation mangrove swamps. A few low 
beaches occur along the eastern shore north of the sand plateau. A large 
pond lies 150 feet inland from the sand ridge. 


Vegetation. The greater part of the strand area is given over to a 
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Tniola-dominated strand-dune associes, but there are well developed areas 
of strand-scrub plants associated with the trees, Conocarous and Avicennia, 
that grow near the inner borders of the plateau. Suriana, Hrnodea, Sola- 
num, Chloris, 4Yymenocallis, Borrichia, Iva, Lantana, and Melanthera are the 
most frequent of these plants. 

Over the strand-dune areas //niola, Waltheria, Ambrosia, Andropogon, and 
Canavali are the typical plants. Suriana and Tournefortia occur frequent- 
ly. In one low swale there is a group of black and white mangroves. 

There are large areas of black mangrove flats around the pond and flank- 
ing nearly all the strand plateau. A few Australian pines, Casuarina, have 
begun growth on the low shore ridges just north of the strand plateau. 


Most. of the interior and inner shore areas are a Rhizophora associes swamp. 


Gull Keys 


Tonoogranhy. The development of these two small islands is something of 
an enigma. Willspaugh locates only one at this position (Millspaugh's Mar- 
quesas %&) and describes it as only 200 by 75 feet in extent. Which one of 
the present two islands this was is uncertain. Both the present ones are 
of about the saine size, their sand areas 3 acres and their total areas over 
14 acres. This large increase in size is due to the building up of the 
strand areas and extension of the mangrove swamps. The two islands are 
nearly tied together by mangroves, which almost close the narrow passage 
between them. It is possible that these were one island that split apart, 
but the direction of development of the strand areas makes this seem un- 
likely. On the eastern island the strand ridge curves toward the north- 
west, indicating an independent development (fig. 10). 

Both sand areas are without beaches, mangroves fringing the shore, and 
the sand forming a long, narrow ridge over 3 feet high. Gradual extension 
of mangroves in shallow water along the beaches is taking place on these 
southern and some other islands of the Marquesas group, as noted above. 
The present areas of sand soil will probably not increase in size, because 
the shore mangroves will inhibit further washing in of coarse calcareous 
materials. If these islands continue growth it will be mainly through sed- 
imentation in the mangrove areas. Past rapid growth seems to have been due 
to rapid accumulation of beach and dune sands. 

Vegetation. The fringing mangroves are of all three species, with Avi- 
cennia and Laguncularia most frequent in that order. On the sand ridges 
the strand-dune associes is dominated by Jniola, with Lantana, Borrichia, 
Melanthera, Panicum anarulum, and Cyperus the most frequent associates. No 
strand-scrub associes has developed. Batis is common among the shore man- 
groves, and Dondia and Sesuvium on the low, open sand areas. In the inte- 
rior there are large areas of Avicennia with Batis, but Rhizovhora forms 


most of the swamp. 
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Round Island 


Topogravhy. Millspaugh wrote, "This small key is 1200 feet in area," 
but now it is about 1200 feet in diameter. If he meant 1200 square feet, 
then the size of the island has increased 1200 times, which seems very im- 
probable. He twmist have meant that the length was 1200 feet. Round Island 
has probably increased as much in size as the neighboring Gull Keys, for 
Millspaugh described the strand as so new and small that the plateau was 
barren of vegetation. 

The present strand plateau averages 3 feet in elevation and is about 900 
feet long, with a beach strip 350 feet long. The fringing mangroves are 
zrowing out in front of the strand. A large embayment enters the low man- 
vrove areas of the northwest side, and a large mangrove colony has devel- 
opel to the west of the island. 

Vegetation. On the strand beach Sesuvium and Dondia are most frequent. 
On the strand plateau is a typical strand-dune associes dominated by Jni- 


old. The Rhizophora associes covers most of the swamp areas. 


Mooney Harbor Key 


Tonogranhy. This island has been known as Conch Key, then Couch Key, 
and now Mooney Harbor Key. Millspaugh and U. S. Coast and Geodetic Survey 
chart 170 named it Conch Key. A later U. S. Coast and Geodetic Survey 
chart, no. 1252, spelled it with a uw instead of ann, probably through some 
error. The recent chart 1252 names it Mooney Harbor Key. 

Millspaugh's description gave the sand strip as very small, 100 by 25 
feet, as compared with its present size of 1500 feet long and over 150 feet 
wide. Such a great increase in area of the strand, and probably a similar 
increase in area of the mangrove swamps, is hard to explain in so short a 
time, 36 years. The island is in a good position for relatively rapid ac- 
cretion, lying near channels where currents can shunt detrital materials 
and sediments onto the shoal areas about it. But, as in the case of Round 
Island and the Gull Keys, it may be that some mistake in the measurements 
nade by Lansing for Millspaugh accounts for the apparent great increase. 

The present island has only about 200 feet of beach and a small sand 
bar directed southward from its western end. Mangroves fringe the outer 
part of nearly all the sand plateau. The plateau has an average elevation 
of 3 feet. 

Vegetation. On the short beach there are a very few places where 
strand-beach communities have developed. The strand-dune associes is, 
peculiarly, almost entirely absent, there being no large areas of Jniola 
and its associates. Most of the stabilized land is now occupied by a mixed 
type of strand-scrub associes and a partly developed strand-hammock vege- 
tation. The latter occurs on the inner parts near the mangrove swamps, 
and is over 50 per cent Pithecolobium suadalupense, associated with Cono- 
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carpus and some of the mangroves near the border between the two types of 
vegetation. Hymenocallis, Solanum, Calonyction, and Metastelma are fre- 
quent associates. 

The strand-scrub areas have some Jniola, Chamaesyce, Flavaria, and other 
strand-dune plants, but Lantana, Solanum, Melanthera, and Cyperus, which 
are more typical of the strand-scrub associes, dominate most areas. The 
searcity of Suriana and Tournefortia bushes is striking. 


THE TORTUGAS KEYS 


Topography 


At present there are only six islands in the group that form the Dry 
Tortugas Keys, but formerly there were eight (see fig. 1). The largest of 
these is Loggerhead Key, resting on the central part of the elongated 
southwestern bank of the atoll. At present Loggerhead Key is about 4500 
feet long and averages about 600 feet wide. It has been extended about 350 
feet toward the southwest and 200 feet toward the northeast in the past 25 
years. Garden Key, the second largest island over a long period of years, 
is now no larger than Bush Key, across the harbor channel from it. Garden 
Key has retained its approximate size since the last construction work was 
done on the buildings of Fort Jefferson, at the beginning of this century. 
Bush Key has increased greatly in size since Bowman's description (1918) of 
the island from surveys of 1916. Bird Key, which was 500 feet long and 300 
feet broad in 1916, had completely disappeared by 1935 and is now beginning 
to reappear. Long Key has increased in size and elevation. The three 
small islands that extend from East Key, on the southern horn of the north- 
east bank, westward to Sand Key have each seldom if ever been larger than 
about 2000 feet in circumference. Sand or Hospital Key and East Key have 
been fairly stable in size and shape, but Middle Key has repeatedly ap- 
peared and disappeared. It was last destroyed in 1938, but shows some 
Signs of returning. 

Thus we see that the islands of this group have been altered a great 
deal from time to time; at present they are fewer in number than usual, but 
some of them are larger than formerly. As pointed out above and by Vaughan 
(1914), the constructional processes that cause the accumulation of coarse 
calcareous sand to form these islands on the coral banks are mainly influ- 
enced by marine currents. These currents shift about from time to time and 
may cause the destruction of part or all of an island. The land piants 
play no part in the primary formation of the islands, but they materially 
retard erosion, especially by storms and surface currents. The thousands 
of terns and other birds on Bird Key aided in the destruction of the vege- 
tation, and the loss of vegetation contributed to the destruction of the 
island. Human activity around Garden and Bush keys, in the building of the 
fort and the dredging of the harbor and channel, altered the size and shape 
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Figs. 11-13. The principal islands of the Tortugas Keys. For actual relative positions, see figure 1. 
Fig. 11, Loggerhead Key; fig. 12, Garden Key and Fort Jefferson; fig. 13, Bush Key and Long Key. 
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of those two islands. Detailed records of these changes are difficult to 
obtain, even though much has been published about the isYands and long rec- 
ords of construction and dredging at Fort Jefferson have been kept. For 
the most part, only major changes definitely occurring within the past 40 
years are considered here, and any inaccuracies in the statements regarding 
these changes can be traced to lack of reliable information. 

The interesting history of this often visited group of islands seems to 
be partly legendary. Gifford (1934, p. 28) says, "These [islands] were 
named by none other than Ponce de Leon who in June 1513 captured one hun- 
dred and seventy turtles on these beaches." Since that early date there 
have been numerous descriptions of the islands, but few of them are of any 
scientific value. Some of the history of the group is outlined in the de- 
scription of Garden Key. 


Vegetation 


Only three of the islands, Loggerhead, Garden, and Bush keys, are large 
enough to support the development of distinct plant communities. The plants 
on East and Sand keys and on newly formed sandy parts of the other islands 
are scattered individuals of the strand-beach and strand-dune associes, 
forming at most small colonies. The plants on the low coral-fragment reef 
that forms Long Key are a few scattered mangroves and families or colonies 
of three species of beach and salt-marsh plants, Salicornia, Sesuvium, and 
Batis. Even on the larger islands the plant communities do not occur in 
the fairly regular zones so characteristic of the communities of the other 
islands of the Sand Keys. fhe native vegetation has been greatly altered 
on Loggerhead and Garden keys by the clearings for buildings and around 
them, and by the planting and spread of ornamental and fruit plants. Many 
exotic weeds have been introduced, and some of these have altered the com- 
position of the native flora enough to change the character of the communi- 
ties. A list of both these types of plants is given in table 7. Fires 
have also caused some destruction and alteration of the vegetation. 

After all non-natural conditions have been eliminated so far as possi- 
ble, about seven distinct plant communities may be recognized. Bowman rec- 
ognized four such communities, and Millspaugh failed to recognize any, ex- 
cept possibly a Suriana consocies. Definite large-area communities with a 
number of species in each are notably lacking. Many of the groups of 
Plants covering small areas are hardly more than colonies or families, of 
two or one species respectively, that have spread over bare sand areas or 
crowded out former occupants. The vegetation does not seem to be tending 
toward any definite climax, being distinctly of a subclimax type. The 
major communities recognized are: (1) the strand-beach associes, (2) the 
Uniola strand-dune associes, (3) the strand-scrub associes, almost entirely 
made up of a Suriana consocies, (4) the Opuntia associes, (5) the Chamaesyce 


associes, (6) the Agave associes, and (7) the Laguncularia associes. 
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The strand-beach associes is a very heterogeneous community, composed of 
the many pioneer plants of the upper beach and the newly formed or nearly 
bare sand plateau areas. Most of the plants are in small colonies or fami- 
lies, and locally certain species such as Sesuvium cover large enough areas 
to form consocies. Nearly all the plants of the other communities may oc- 
cur in this associes as scattered individuals or in small groups. 

The Uniola strand-dune associes is distinguished by the dominance of 
Jniola vaniculata, and covers some large areas on Loggerhead and Bush keys. 
The species associated are similar to those of the other islands of the 
Sand Keys, but a distinction between the Uniola strand dune and the areas 
dominated by Chamaesyce buxifolia is made here because this latter plant 
forms with a number of weed species a fairly distinct community of its own. 

The strand-scrub associes is not a mixed community with a number of spe- 
cies, but is dominated almost entirely by the bay cedar, Suriana maritima 
(pl. 3, fig. 1). This shrub forms a close stand, excluding nearly all oth- 
er plants, and the community is therefore described here as the Suriana 
consocies. This Suriana vegetation is probably the climax type of the Tor- 
tugas islands, as the death of Suriana usually leads to retrogression; the 
three following communities develop on the same soil areas, which become 
drier after the death of the bay cedars. 

Opuntia (pl. 4, fig. 3) and a few coarse grasses form a fairly distinct 
community, but the cacti are usually distributed in the Suriana community 
or the Chamaesyce community. 

Chamaesyce covers large areas on Loggerhead, Garden, and Bush keys, and 
seems to grow in situations now unsuitable for either Suriana or Uniola. 
With it grow a number of the weeds of these islands, and some of the na- 
tive plants, Melanthera, Iva, and others. Panicum maximum dominates some 
areas on Loggerhead Key, with a scattering of Chamaesyce and its associ- 
ates. 

Agave americana L., the century plant, has spread to cover some fairly 
large areas on Loggerhead Key (pl. 4, fig. 2), and in some places forms a 
fairly distinct community with a number of associated species. 

On Bush Key there is now a well developed colony of mangroves, mostly 
Laguncularia racemosa, with a few Rhizophora mangle. This thicket forest 
is around the largest pond on Bush Key, and it is the only mangrove commu- 
nity of the Tortugas. 

Besides these seven communities, there are a number of lesser communi- 
ties, such as an Achyranthes consocies and Salicornia and Batis families, 


which will be considered with. the individual islands. 


Loggerhead Key 


Topography. The long axis of the island, now about 4500 feet, seems to 


have increased 500 feet or more since the survey by. Bowman in 1916. The 
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exact increase toward both ends is difficult to estimate without more ac- 
curate data- Bowman's drawing shows a total length the same as or even 
greater than that of the present island. If his location of the lighthouse 
is anywhere near accurate, the southwestern end of the island has extended 
since his survey; but he shows the lighthouse and the Carnegie laboratory 
much farther apart than they actually are, so that comparison with his 
drawing is unsatisfactory. The best indications of change are the bare sand 
areas and the pioneer strand-beach and strand-dune plants that grow on new 
sand areas. The sand hooks at both ends shift about, and no doubt a loss 
or increase of a hundred feet at either end may occur within a short period 
of time. Back of each sand hook there is an abrupt rise of 2 to 4 feet to 
a dune plateau. These plateaus are relatively stationary, and when plants 
develop on them they become fairly permanent parts of the island. 

The width of the island has not changed much except as it has varied a 
few feet near the southwest end. The beaches slope steeply and are not 
wide. On parts of them there is developing a beach rock of indurated cal- 
careous sand that has built up the shore, especially on the west side op- 
posite the lighthouse. Some of this rock underlies part of the deep sands 
which form the island. No clear account of the processes involved in its 
formation was found in the literature. Sand Key is the only other island 
of the Sand Keys on which such rock development was noted. 

Probably the most important topographic feature of this island is the 
height of the central part, which at some points is 9 feet above mean tide. 
These deep sands are very coarse and well drained, so that they become very 
dry. This island is the highest of all that were studied. 

Hurricanes and storms of the past have undoubtedly changed the shape of 
the island, particularly at both ends, but accounts of old lighthouse keep- 
ers indicate that its general size has changed little. Bowman points out 
that over 100 years ago the island had a stand of buttonwoods. This would 
indicate that it was then of much lower elevation, as the buttonwoods prob- 
ably developed near depressions or ponds as they now do on Bush Key. The 
island may have begun as a shoal or bar of coral debris on which mangroves 
gained a foothold, and buttonwoods followed the mangroves. 

The few extensions that have taken place at each end within 25 years are 
becoming fixed by plant growth and may be relatively permanent additions, 
but again there may be subsequent erosion and changes. Thus Loggerhead Key 
may be considered as making only slow if any progress toward a permanent 
increase in size. 

Vegetation. Most of this island is covered by a thick growth of the bay 
cedar, Suriana maritima, which forms a Suriana consocies that at present 
does not seem to be holding its own, but is gradually being replaced by two 
apparently more xeric plant communities. Between the area of cleared 


ground and plantings around the U. S. Coast Guard lighthouse and similar 
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areas around the Carnegie Institution laboratory, there is a large area on 
both sides of a path that is almost conpletely covered by this Suriana 
consocies (pl. 3, fig. 1). Southwestward from the lighthouse buildings 
toward the tip of the island only about half of the area is covered by this 
consocies, for much of the vegetation in this area has been burned or oth- 
erwise destroyed and there is much new land. In this southwestern part of 
the island a large part of the area once occupied by Suriana has been taken 
over by a growth of Opuntia (pl. 4, fig. 3), Chamaesyce, Agave americana 
(pl. 4, fig. 2), and other plants. In spite of these changes Suriana still 
covers most of the uncleared parts of the island. 

Natural causes may have brought about this decrease in Suriana areas. 
Bowman pointed out that Suritana "does not withstand a drenching of sea- 
water very successfully, the tomentum of the leaves holding the water until 
its toxic effect is produced on the leaf-tissue." Although no storms oc- 
curred during the author's visits to the Tortugas Keys and the effects of 
drenching by salt-water spray were not observed, it does not seem probable 
that drenching alone accounts for the decrease in these plants. If this 
were true, Suriana would not be so commonly found very near the beach on 
nearly all the western Florida Keys. It seems more likely that the Suriana 
bushes reach such a size and grow so close together that their roots fail 
to obtain enough water from the porous soils. Their thick growth forms a 
dense shade and their roots cover most of the soil, so that few or no 
plants can live beneath them. Tournefortia, Opuntia, Calonyction, and oth-, 
er plants are sometimes found with Suriana, but these associates are not. 
frequent enough to form a community of the grade of an associes. 

Next in importance to the Suriana consocies is the Uniola strand-—dune 
associes. This plant community covers two fairly large areas southwest of 
the lighthouse clearing and small areas all along the coast, particularly 
northeast of the Carnegie laboratory. There is no well developed mixed 
growth of Jniola and other strand plants forming the type of strand-dune 
associes that is the rule on many of the Marquesas and other islands of 
this investigation. The community is in some instances practically a pure 
growth of Jniola, forming a consocies. In general //niola occupies new land 
areas of the dune plateau. This is particularly true of the areas near the 
southwestern end of the island. 

Between the steeply sloping fore dunes and the beach there are some 
fairly distinct strand-beach plants, forming a few colonies and families. 
Sesuvium, Ipomoea, Sporobolus, Jniola, Tournefortia, and other typical spe- 
cies of areas near the beach are to be found around all sides of the is- 
land. These pioneer strand plants are especially abundant over the newly 
built dune areas near the southwestern tip of the island and over a similar 


but smaller area near the northeastern tip. Tournefortia is very common 
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along the ridge between the wave line and the upland plateau. Suriana is 
also common along this fore-dune area, and many of the Suriana bushes are 
encroaching on the sand of the upper beach. Ne does not seem likely, how- 
ever, that the Suriana community develops as often as does the Uniola 

strand-beach associes directly on the first sands that are stabilized above 
| the high-tide level. In general, the pioneer strand-beach associes and the 
Uniola community both precede the Suriana consocies. On the other hand, 
the Uniola consocies does not seem to be a necessary antecedent to the Su- 
riana consocies in all instances. The first plants on the bare sand areas 
at the northeastern and southwestern ends of the island include many Suri- 
ana bushes as well as Jniola, Chamaesyce, Ipomoea, and Sporobolus. More- 
over, these more definitely pioneer plants in some instances form distinct 
plant communities farther inland, so that no rigid rule of development can 
be postulated. Whether or not any one of them occupies the area and ob- 
tains control of it seems to depend on competition. Colonies, families, 
and clans of nearly any species develop freely almost anywhere. Therefore 
the establishment of a particular plant community on recently formed or 
older sand areas is not distinctly related to the seral development as 
found on islands farther east. | | 

A fourth recognizable community is dominated by Chamaesyce buxifolia, 
but other species are nearly as frequent in it. The plants sparsely cover 
many of the almost bare areas left after the death or destruction of the 
Surtana bushes. These Chamaesyce communities usually occur as small in- 
clusions within the broader expanse of the Suriana consocies. Between the 
lighthouse and the Carnegie laboratory there are a few small areas covered 
by this associes. Between the lighthouse and the southwestern end of the 
island there are two fairly large interior areas given over to a mixed 
growth of Chamaesyce and associated species. Many weed plants, such as 
Leotilon, Boerhaavia, Bidens, Valerianoides, and Portulaca, invade these 
areas and are often more abundant than Chamaesyce. In some places the 
areas have been cleared of other plants to let the Yymenocallis grow. Many 
patches of Opuntia and small areas dominated by grasses are frequent in or 
near the Chamaesyce associes. Vines, Calonyction, and Canavali are common. 
This is the most mixed of all the communities of the island. 

A scattered growth of the strand prickly-pear cactus, Opuntia, occurs 
Over many areas and forms patches that may be termed an Opuntia associes. 
This community was recognized and described by Bowman. It is made up main- 
ly of Opuntia Dillenii, but certain associated coarse grasses, vines, and 
plants that are also frequent in the Chamaesyce associes are locally abun- 
dant. This cactus seems to be occupying many areas formerly covered by 
Suriana bushes, and seems to replace the latter in fairly large patches, as 


the soil becomes drier. In general, however, QOnuntia is scattered over 
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many areas occupied by either Suriana, Chanaesyce, or even Jniola. Conse- 
quently, it is difficult to show (fig. 11) many areas that are distinctly 


Opuntia associes. : 


The cleared and planted areas around both the lighthouse and the Carne- 
zie laboratory have been enriched by the transportation of richer soil to 
the island, by fertilization of the plants, and by other means. The palms, 
Australian pines. geiger trees, papayas, and other cultivated plants (table 


7) on and about these areas are probably growing much better than they nor- 


Table 7 Introduced trees, shrubs, and weeds, Tortugas Keys 


Fruits and ornamentals Weeds 
Agave americana L. (century plant) Amaranthus sp. 
Agave sisalana Perrine (sisal hemp) Argemone leiocarpa Greene 
Aloe vera L. (bitter aloe) Asparagus sprengeri Regel 
Carica papaya L. (papaya) Atriplex cristata iL & B. 
Casuarina equisetifolia Forst. (Australian pine) Bidens leucantha L. 
Cerbera thevetia L. (trumpet flower) Boerhaavia coccinea Will. 
Coccolobis uvifera (L.) Jacq. (sea grape) Cajan cajan (L.) Millsp. 
Cocos nucifera L. (coconut palm) Capraria biflora L. 
Cordia sebestena L. (geiger tree) Dolicholus minimus (L.) Medic. 
Elaphrium Simaruba (L.) Rose (gumbo limbo) Heliotropium curassavicum L. 
Ficus carica L. (common fig) Leptilon canadense (L.) Britt. 
Ficus hispida L. (African fig) Lithophila vermicularis Uline 
Hibiscus rosa-sinensis L. (Chinese rose) Phyla nodiflora (L.) Grave 
Nerium oleander L. . (oleander) Portulaca oleracea L. 
Phoenix canariensis Chaub. (date paim) Salvia serotina L. 
Phoenix dactylifera L. (date palm) Sesbania macrocarpa (uhl. 
Psidium guajava Raddi (guava) Sida sp. 
Ricinus communis L. (castor-oil plant) Sonchus oleraceus L. 
Tamarindus indica I. (tamarind) Tithymalus Smallii (Millsp.) Small 
Terminalia catappa L. (Indian almond) Valerianoides jamaicensis (L.) Kuntze 


Théspesia populnea (L.) Soland (portia tree) 
Vinca rosea L. (periwinkle) 
Yucca aloifolia L. (Spanish dagger) 


mally would had they been introduced through natural agencies and left to 
grow without encouragement. Casuarina equisetifolia, the Australian pine, 
has spread by natural means outward from the original plantings, and seed- 
lings are growing over many parts of the island. It seems entirely prob- 
able that these trees will continue to grow whether or not they are cared 
for, and eventually they may replace some of the present vegetation, for 
after they have become large few plants can live under them. Some of them 
are now spreading southward from the cleared area around the lighthouse and 
are definitely taking over areas formerly occupied by other plants in that 
part of the island. Another cultivated plant that seems to be at home on 
the island is the coconut palm, Cocos nucifera. It grows well and fruits 


abundantly where it has been planted, but so far does not seem to spread by 
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natural means. Both the century plant, Agave americana, and the true sisal 
hemp, Agave sisalana, were probably planted on the island, but have spread. 
Most of the other cultivated plants, such as the oleanders, /fibiscus, 
Thespesia ponulnea, Aloe, Yucca, and figs, have not spread far from their 
original locations, if at all. These plants, with the exception of Agave, 
are not shown in any detail on the man of the island, figure 11, because 
they are not a definite part of the natural vegetation. A row of coconut 
palms along the path southward from the Carnegie laboratory is shown, but 
these are only a few of the many to be found planted around the dwellings 
of the laboratory and of the lighthouse. | 

Although more trees and shrubs have been planted on this island than on 
Garden Key, there are fewer of the maritime weeds here. No doubt many of 
these weeds have been brought to the islands by visitors and inhabitants 
over a long period of years, but none of them seem to have replaced any ap- 
preciable amount of the native vegetation. A few of the commonest of the 
weed species on Loggerhead Key are Leptilon canadense, Boerhaavia viscosa, 
and Bidens leucantha, which grow abundantly either in the Chamaesyce asso- 
cies or around the dwellings. There seems to be little indication that any 
of the introduced plants except the Australian pine and perhaps Agave will 
become sufficiently abundant to alter the native vegetation. 

Clearing and encouragement by man have increased the number of the beau- 
tiful spider lilies, Hymenocallis keyensis (pl. 3, fig. 3). These plants 
cover a fairly large area northward along the path between the lighthouse 
and the Carnegie laboratory. They grow naturally in the openings of the 
Suriana consocies and in some parts of the Chamaesyce associes. 

Large patches of Agave americana (given as A. rigida by Bowman) cover 
areas south of the lighthouse and three small areas north of it. These 
patches seem to be increasing in size, and the plants seem to be spreading 
over many of the areas formerly occupied by Chanaesyce. These plants may 
be considered as forming an Agave associes similar in many ways to the 
Opuntia associes. This and other species of Agave are to be found with the 
strand vegetation of many of the islands of the Florida Keys, and it should 
not be regarded as having been established only by human agencies. 

To summarize: As Loggerhead Key has developed extensions northeast and 
southwest, the bare sand areas have been rapidly taken over by the strand- 
beach and strand—dune plants. The sands are blown or washed up to higher 
levels above the beach than on any other island studied, and high, fairly 
level plateaus are formed. The largest such plateau now developing is at 
the southwest end, and the greatest extension of the island since Mills- 
paugh's time has been in this direction (fig. 11). Although these exten- 
sions and increases in area of the island are primarily due to marine cur- 
rents, waves, and wind, the rapid growth of strand plants, particularly 


Jniola with its long, sand-binding rootstocks, aids materially in stabiliz- 
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ing the sands. Suriana bushes become scattered over the areas dominated 
by grasses and herbs, and soon replace them. Later the Suriana bushes die 
or are burned out and are replaced by Chamaesyce, Opuntia, Agave, and other 
plants of the dry-area communities described above. The rapid spread of 
Casuarina over these areas will probably lead to the development of an Aus- 
tralian pine forest. In any event, the gradual extension of the island by 
currents will continue to lead to the sequence of communities described 
above, and what will finally become of the areas once dominated by Suriana 


is a question. 


Garden Key 


History and topography. Most of this island (fig. 12) is occupied by 
Fort Jefferson, a six-sided brick structure about half a mile in perimeter, 
with walls 45 feet high and 8 feet thick (pl. 5, fig. 1). The small areas 
of sand outside the fort have shifted about and been variously disturbed 
during the long period cf its building and occupancy, and have been affect- 
ed by dredging operations in the channel around about half the perimeter 
of the island. For these reasons the vegetation and topography of Garden 
Key have been too much influenced by man to be considered as significant as 
those of the other islands. 

The history of the fort itself is very interesting. In 1825 a light- 
house was erected on Garden Key, and in 1846 the construction of the fort 
was begun with slave labor. During the Civil War the slaves were replaced 
by military prisoners. After 1866 little work was done on the fort, as the 
invention of the rifled cannon made the structure obsolete. The major epi- 
demic of yellow fever during 1867 and the work of Dr. Samuel A. Mudd in 
this connection are a well known story. In 1876 the post was abandoned, 
but it was used again and further developed during and after the Spanish- 
American War. In 1901 the U. S. Navy began construction of the two coal 
sheds and two piers and also began dredging the channel. The drawings of 
this construction show it as completed by July 1905; at that time dams at 
the ends of the coal sheds and in other places kept the sands from spread- 
ing into the 14-foot-deep channels between the sheds and piers. Since that 
day sand has filled in much of this area and the piers have nearly rusted 
down. Some dredging was done on Bush Key, east of Garden Key, that prob- 
ably altered the shape of the latter. The fort was abandoned by 1910, but 
was used again as a seaplane base and wireless station during the First 
World War, being abandoned again in 1925. 

Finally in 1935 the area of the Tortugas islands and particularly the 
fort were declared a national monument. Since that date the National Park 
Service has administered the area, and has cleaned up the fort and made it 
a beautiful show place. The Park Service has tried to preserve natural 


plants as much as possible and has encouraged the bird life in the area. 
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The island was probably lower originally than it is at present, as is 
indicated by the fact that a number of low places in the parade ground have 
been filled in. The fort and the buildings around it no doubt stabilized 
the island, and the changes that have taken place have consisted mainly in 
shifting and small increases in size of the sand areas outside the moat 
wall. There are two of these areas, one extending toward the northeast and 
the other toward the southwest coal sheds and docks. They cover about 5 
acres, and the fort about 11, making the total area of the island about 16 
acres. 

Vegetation. The sand areas outside the fort, the parade ground inside, 
and the sand and coral debris on top of the walls and buildings all have 
distinet kinds of vegetation. That of the parade ground is entirely the 
result of cultivation, plantings, and care. The top of the fort has a num- 
ber of plants that can grow in very dry and loose soils. This is a natural 
vegetation, but only on the sand areas outside the fort are the natural 
plant communities of this region developed, and these have been somewhat 
altered by the inhabitants of and visitors to the fort. So many exotic 
species, brought in as weeds or for ornamental and fruit purposes, have 
been added to the flora that it has become very diverse. Most of these 
exotic plants are listed in table 7, above. 

The low sand areas outside the fort are so often shifted about that the 
establishment of plant communities as stabilized and mature as those on 
Loggerhead Key is prevented (pl. 5, fig. 2). In spite of this condition, 
four fairly distinct communities can be recognized. The largest of these 
is the Uniola strand-beach associes covering about half of the southwestern 
sand area, and J/niola with some of its common associates covering much of 
the sand area to the east of the fort. No large Suriana consocies exist as 
on Loggerhead Key, but there are a number of colony groups of Suriana on 
the east side of the fort that are increasing in size and may be forming 
such a consocies. Sesuvium forms a distinct consocies above a wide beach 
between the northeast coal shed and the northeast wall of the moat; Sesu- 
Vium also covers most of the upper beach along the eastern sand area. A 
large area on the highest and driest part of the southwest sand area is 
covered by a very modified type of Chamaesyce associes with many weed spe- 
cies associated. In this area are a number of scattered individuals and 
patches of Opuntia, [va, Svorobolus, Cenchrus, Cyperus, Chloris, and Melan- 
thera. In addition to these, some of the weed plants, as Valerianoides, 
Leptilon, and Boerhaavia, are present in this associes and to a less extent 
in the Uniola associes. On the coarse sands and coral fragments filling in 
the northwestern moat Tournefortia, Uniola, Sesuvium, and Suriana have all 
begun to grow as pioneers. 

The relatively poor development of a Suriana consocies indicates that 


the vegetation is younger than on Loggerhead Key. On the sand areas out- 
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side the fort Sesuvium, Yniola, Cyverus, Tournefortia, Scaevola, iororacr 
and other strand-beach and strand-dune plants are more common than Suriana, 
Ovuntia, Chamaesyce, and other species;of drier and usually less saline 
soils, a fact which indicates that these sands have shifted about, probably 
for a long time. 

The plants growing in the coarse, dry coral and sand piled on the top of 
the fort are an assemblage of weeds and some native strand plants, all of 
whose seeds have been carried thither by winds, birds, or man. They re- 
ceive little or no salt water, and this only during the infrequent great 
storms. Nevertheless a number of them are strand plants ordinarily asso- 
ciated with some soil salinity. Their growth here shows that a dry habitat 
is probably as important as salinity in the development of xeromorphie 
adaptations. The commonest of these plants are Lentilon, Onuntia, MYelan- 
thera, Canavali, Cenchrus, Valerianoides, Snorobolus dominsensis, Ipomoea, 
Chanaesyce, Boerhaavia, Bidens, Poinsettia, Chloris, Paspalum, Digitaria 
sanguinalis, Hragrostis anabilis, other grasses, and some good-sized bushes 
of the gumbo limbo tree, Hlaphrium Simaruba. Many of these plants grow on 
top of the powder magazines inside the enclosures as well as on the top of 
the fort. No plant communities of any size are formed, but localized 
patches of some of the species form families and colonies of very limited 
extent. | 

On the parade ground and the lawn to the south of the fort, grasses, 
mostly Cynodon dactylon, the Bermuda grass, have been encouraged to form a 
lawn. The weed legume Sesbania macrocarva that used to be common has now 
been removed except for a small patch outside the fort on the east side. 
Hymenocallis, the spider lily, has been planted or encouraged. The other 
plants are the shade and ornamental trees, fruit trees, and some weeds. 
The commonest tree is the native buttonwood, Conocarpus erecta. Some of 
these trees are as old as the fort, and have survived fires and wanton de- 
struction of other plants and property. The probable origin of some of 
these buttonwoods was near or around depressions of the part of the origi- 
nal island that is now the parade ground. Other, younger buttonwoods have 
been planted or encouraged to grow since the fort was built. The silky- 
leaved variety, Conocarpus erecta var. sericius, is present, and was prob- 
ably brought to the island from Key West, as it is common there. On the 
other hand, it may have arisen as a mutation on this island, as Bowman 
(1918) suggests. 

Old pictures of the parade ground and the buildings of and about the 
fort show that a row of large coconut palms was growing in front of the 
officers’ quarters and near the north powder magazine in 1898. At that 
time there were definite paths between the then more numerous buttonwood 
trees on the parade ground, ane many smaller ornamentals were planted along: 


these paths. At one time there was a garden enclosure. Since the fort has 
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been made a national monument, more coconut trees have been planted, and no 
doubt other ornamentals will be added. 

The other larger and older trees and shrubs are Tamarindus indica, the 
tamarind; Phoenix dactylifera and P. canariensis, date palms which both 
bear edible fruits in this dry location (pl. 5, fig. 1); Thespesia vopul- 
nea; Flaphrium; Cordia sebestena, the geiger tree, with beautiful orange- 
red flowers; a number of oleander bushes; and the native sea grape, Cocco- 
lobis uvifera. Both Agave americana and A. sisalana were planted or en- 
couraged to grow. The guava, Psidium guajava, and other plants have been 
added recently. A few Casuarina trees were planted here, but have not been 
allowed to become naturalized as on Loggerhead Key. 

Clearing and improvements outside as well as inside the fort will prob- 
ably reduce the natural vegetation, and if the island is improved by plant- 


ings not much of the natural vegetation will remain. 


Bush Key 


‘Topography. More changes have occurred in both the topography and the 
vegetation of Bush Key (fig. 13) than in any other of the now existent Tor- 
tugas Keys. Lansing evidently found so little sand above the wash of the 
waves in 1904 that he gave no account of the island to Millspaugh. In 1915 
Bowman found both Suriana and Tournefortia bushes about 12 years old, which 
probably indicates that Lansing overlooked the small island in 1904. Cer- 
tainly some of it was there prior to 1900, as at that time the U. S. Navy 
removed sand from the island to make improvements at the naval base on Gar- 
den Key. The dates of this dredging were about 1901-1905, but the extent 
of the changes caused by it is not known. 

Whatever the conditions prior to 1900, the small remnant of the former 
Bush Key has now grown to be an island (pl. 6) as large as Garden Key. 
During this 40-year period two narrow ridges of sand and broken coral en- 
closing a lagoon have gradually grown together, most of the lagoon has 
filled in, and a spit has extended far to the east, almost connecting the 
main body of Bush Key with the coral—fragment shoal and bar of Long Key. 
This rapid growth was probably a restoration of some of the parts’of the 
island removed before 1905. 

The different shapes that the island has assumed during this period are 
hard to ascertain. Bowman's map and some of the descriptions by others do 
not seem to be very accurate. The U. S. Coast and Geodetic Survey charts 
do not show the island as anywhere near so large as it has been for many 
years. Bowman's drawing seems to be inaccurate as to compass direction, 
for when it is compared with a present-day map, it is only possible to make 
the two coincide by assuming a shift of about 90° in the compass indicator 
on his map. He shows the long bar of the island as extending almost due 
south, whereas at present it extends only a few degrees south of east. 
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As the two sand ridges of Bowman's day, 1915, grew together, the island 
also extended farther west toward Garden Key, until now its sharp western 
point is on the very edge of the deep channel between the two islands (fig. 
12). The eastern sand ridge has also been extended. The present diamond- 
shaped main part of the island is mostly the result of the coalescence of 
the northern and southern ridges, and the filling in of the lagoon that lay 
between them. Some of the lagoon was dredged out before 1905, and it 
quickly filled in. The present ponds and the low areas around them repre- 
sent its remains. Pearse (1934) observed these ponds in 1931, and says, 
"Dr. Paul Bartsch, who had visited Dry Tortugas annually for a long period, 
states that the ponds were cut off from the ocean about 1919." This was 
soon after Bowman's visits. The filling in of the ponds (see fig. 13) has 
now progressed until pond 2 is very shallow, about 6 inches, and pond 1 is 
not over i8 inches deep in any part. The bottoms and margins of both ponds 
are of a muck soil formed from a combination of calcareous sediments and 
organic remains of plants and animals. Pond 3 is a very small pool, con- 
taining only temporary rainwater. Because of the mode of its formation, 
the central parts of the island are in most places lower than the periph- 
ery. The highest parts are not over 3 feet in elevation. 

The present area of Bush Key is about 19 acres, whereas Bowman's drawing 
shows an area about half as great. Since the area of Garden Key and the 
fort is about 16 acres, Bush Key has outgrown Garden Key in recent years. 
Bush Key will probably continue to grow, but more slowly, as its size and 
shape are now about stabilized. A gradual decrease in area is possible if 
the birds denude the island of too much vegetation and erosion destroys 
parts of it. 

Vegetation. Bush Key during its rapid growth of the past 40 years has 
developed a very mixed vegetation. The strand communities are small, con- 
sisting mostly of consocies, colonies, families, and scattered individuals, 
so that it is difficult to give a general description. Unlike Loggerhead 
Key, with its relatively well defined vegetational units, this island has 
few distinct communities. Much of the isiand is similar to the upper beach 
and fore dune, with such plants as Sesuvium, Sporobolus, [pomoea, Jniola, 
and Tournefortia seattered over nearly any part of it. 

suriana has formed only a few patches large enough to be considered a 
Suriana consocies. There are only a few patches of Qountia, and they form 
no distinct community. The Uniola strand—dune associes and the Chamaesyce 
associes cover the largest areas. Between these associes, in them, and 
around the upper part of the beaches occur some of the plants of the strand- 
beach associes. Most abundant. of these is Sesuvium, which here covers such 
large areas that a distinct Sesuvium consocies is recognized (pl. 7, fig. 
1). Tournefortia is scattered over much of the island. Large patches of 
Iva, Scaevola, Svorobolus, and Chloris form fairly distinct scocies. 
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Around the ponds are three distinct communities. Around pond 1 is a 
thick stand of white mangroves with a few red mangroves, forming a Lagun- 
cularia associes. Outside this mangrove zone, over the damp muck soils, is 
a very distinct Alternanthera seciety which also grows around part of pond 
2. Around pond 3 is a thicket growth of buttonwood. Some red mangroves 
have been planted around pond 2 and may grow to form a colony. 

The drier parts of the island are made up largely of coral fragments, 
with some coarse sand. On this dry soil a Chamaesyce community, with scat- 
tered patches of other plants in it, has developed. Nearly bare areas are 
increasing as Suriana, Sesuvium, and other plants are killed by the nesting 
of the thousands of terns that have moved here since Bird Key became sub- 
merged. As was the case with Bird Key, this destruction may mean the be- 


ginning of the end of the vegetation and finally of the island itself. 


Lon’ Key 


Topography. Long Key is here considered to be only the coral-debris bar 
(fig. 13) that lies southward from the eastern terminus of the long sand 
ridge extending eastward from the main part of Bush Key (pl. 6). Long Key 
is in two parts separated by a shallow channel. The northern part is small 
and is connected at low tide with the eastern extension of Bush Key. Both 
parts are over one-third covered by the high tide, and the highest mounds 
of coral debris are seldom over 2 feet above high water. Some calcareous 
sand has accumulated with the coral fragments, and finer sands and muds oc- 
cur in the shallows around the bar. Storm waves sweep completely over the 
bar, so that no sand areas have as yet developed and the coral fragments 
and plant life are probably completely or partly covered by water a number 
of times a year. 

The long southern part of this bar seems to be extending southward. It 
is increasing in size as coral debris is piled up by the waves. The shal- 
low embayment between this bar and the eastern shore of Bush Key is filling 
in. It seems probable that the two keys may eventually become joined. 
Sands are accumulating on top of some of the coral debris, and a sandy 
strand island may develop. 

Vegetation. The vegetation is sparse, covering less than one-third of 
the area above mean high tide. It consists of scattered individual plants 
of Rhizophora and Avicennia, with patches of the salt-marsh plants Sali- 
cornia and Batis and the strand-beach plant Sesuvium. In most cases these 
patches are pioneer families of one species, but in some cases there is a 
colony of two or more species. 

Many seedlings of Rhizophora have taken root between the coral frag- 
ments. The total number of these in 1938 was 187, of which only 11 had the 
number of leaves, leaf scars, or branches of the average plant over 4 years 


old. This indicates that few of these plants survive beyond a stage of 
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primary growth from nutrients furnished by the seedling. Most of them take 
root between low-tide and high-tide levels. 

In 1937 a few Rhizophora seedlings were planted. In 1938 a total of 
4100 were planted, and about 3300 of these had survived in August 1940, 
when 575 were added. In February 1942 over 2500 of these had survived. 
Many of these were planted offshore in deeper water than that in which 
seedlings could normally become rooted, and they were doing well even 
though submerged by the tide (pl. 7, fig. 2). The high percentage of sur- 
vival over 34 years indicates that these plantings may grow well and es- 
tablish a mangrove swamp. If this occurs, the whole character of the is- 
land will change. More sediments and sand will collect, the coral debris 
will be covered by sand, and eventually an island of more stability and 
higher elevation will be formed. The plantings were made to see if just 
such a change could be promoted. If so, then we may have a clue to the 
probable mode of development of some of these Tortugas islands. Parts of 
Bush Key were most likely developed in this manner. 

Only a few Avicennia bushes grow on Long Key. In 1940 there were 25, of 
which 4 were over 2. feet tall. They have established themselves on or near 
the highest mounds: of the coral ballast. No plantings were made of 4Avi- 
cennia, but most likely it and Laguncularia will both become associated 
with the Rhizophora bushes if a swamp develops from the plantings of the 
latter. 

Salicornia forms many patches, most commonly over the areas of inter- 
mediate elevation, and Sesuvium slightly smaller areas, usually at the 
highest elevation. Oniy one small patch of Batis associated with Sesuvium 


was present in 1940. 


Sand, Middle, and Fast Keys 


Toovogravkhy and vegetation. These three islands are so small that their 
shape has changed and one of them, Middle Key, seems to have an intermit- 
tent existence. Millspaugh described no plants from it, but it was a small 
sand island in 1904. In 1915 and 1916, Bowman found on Sand Key only a few 
plants less than were found by Lansing; only Cakile was found on Middle 
Key, and most of East Key was covered with vegetation. Thus of the three 
only East Key, the largest, has had a consistent vegetation, parts or all 
of the other two islands having been awash in rough weather from time to 
time, So that the plants were destroyed. 

Middle Key was a low, crescent-shaped island about 75 feet long in the 
summer of 1937, and only a few individual plants of Cakile, [va, and Chan- 
aesyce grew on it. A little sand was visible at the neap tide in July 
1938, but none was noted in 1940 or 1942. 

Sand or Hospital Key was about 110 by 70 feet in 1538; some of the sand 


above 2 feet in elevation supported a few strand-dune planis. mostly Jniola, 
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Tournefortia, and Chanaesyce, none of which had been noted by Bowman. Some 
indurated beach rock, and piles of brick left from the small hospital built 
here in the 1870's, indicate that the island has been fairly stable. It 
has increased in size and vegetation since 1915. 

East Key is about 4.2 miles east-northeast of Garden Key, and from the 
records seems to have been of about its present size for the past 60 years. 
It has had a good vegetational covering since 1904. The plants noted by 
Millspaugh and later by Bowman did not include any Suriana bushes, which 
are now forming a thicket growth along the highest part of the dune pla- 
teau. Most of the vegetation is a Uniola strand-dune associes. [ponoea, 
Sesuvium, Cenchrus, and other strand-beach plants are present on the upper 
beach. Since the island is much larger, about 1200 feet long by half as 
wide, than the others of these three islets, and since its dune plateau has 
an elevation of 3 feet and a vegetation developing toward the Suriana con- 
socies type, it has probably grown in size and become more stabilized in 
the past half-century, in contrast with the intermittent history of the two 


other islands. 


SUMMARY AND CONCLUSIONS 


About thirty islands of the Florida Keys beyond Key West. were investigat- 
ed during the sunmer of 1940 and winter of 1942, and to some extent during 
the summers of 1937 and 1938. These studies were concerned with the topog- 
raphy and vegetation of these small, relatively isolated, and partly trop- 
ical islands. The probable modes of formation of the islands, their topog- 
raphy and topographic changes, the vegetation, and the successional rela- 
tions of the plant communities of which it is composed were the particular 
concern of the investigation. 

These thirty-odd islands are in three main groups. Ten extend west from 
Key West to Boca Grande Channel. These are low islands, many of them cov- 
ered only by mangrove swamps, and are based on an oolite limestone rock 
which is an extension of the rock that forms the islands of the lower Flor- 
ida Keys. The second group consists of ten or more islands arranged in an 
elliptic atoll, named the Marquesas Keys. This atoll is based on the same 
oolite limestone; it was and is being formed by definite currents which 
cause the accumulation of detrital materials, coarse calcareous sands, and 
muds. The third group is the well known Tortugas Keys, now consisting of 
Six islands but formerly of eight. Coral reefs and banks surrounded by 
deep water, together with the islands, form a partly completed elliptic 
atoll similar to the ‘farquesas Keys and seemingly built up by the same 
agencies. The Tortugas islands are composed almost entirely of coarse cal- 
careous sands. There have been enlargements of some of the islands and 
complete or almost complete destruction of others at both the Tortugas and 
Marquesas atolls. 

These islands are here termed the Sand Keys because most of the parts 
above high tide are composed of coarse calcareous sands, and also because 
this name was used by Millspaugh (1997) in his description of them. Bowman 
(1918) described some of the topography and all the vegetation of the Tor- 
tugas Keys, and these two descriptions with a number of other publications 
about this region furnish fairly good bases for comparing past with present 
conditions, so that topographic and vegetational changes can be deterinined. 

The vegetation consists of mangrove swamps with a few salt marshes, and 
abundant strand vegetation on the elevated sandy parts of the islands. Both 
of these types of vegetation are arranged in fairly definite zones of plant. 
communities, which form two successional series, the mangrove sere aid the 
strand sere. Most attention was given to the strand communities, as the 
details of mangrove swamps had been previously studied (Davis, 1949). The 
strand succession consists of four fairly distinet stages, well represented 
on these islands as a whole but only partly developed on ‘some of them. The 
mangrove succession consists of two main communities, which are less well 
developed than the mangrove swamps of much of the southern Florida coast. 


The flora in general, the plant populations of the particular conmuni- 
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ties, and some details of the mode of dispersal of the plants are consid- 
ered. The relatively small number of species, the wide distribution of 
certain pantropic species, and the dispersal of some of these by water, 
birds, wind, and man are of special interest. 

The most effective environmental factors are salinity, soil moisture, 
coarseness of the strand soils, rainfall, relative elevations of the man- 
grove and strand soils, and depth of inundation. The strand soils are so 
coarse and the rainfall so sparse during six months of the year that most 
of the strand communities are very xeric. Soil moisture most affects the 
strand communities. Salinity affects only the pioneer strand community. 
Salinity and depth of inundation most affect the mangrove communities. 

The adaptations of the plants to both dryness of the sand soils and 
Salinity of the swamps, marshes, and fore dunes express themselves in nu- 
merous xeromorphic features of anatomy and form, particularlyof the leaves. 

After the topographic, vegetational, floristic, and environmental fea- 
tures of the islands have been considered as a whole, a detailed descrip- 
tion of each island is given, covering the topographic and vegetational 
features and the relations between the two. Particular emphasis is placed 
on the changes in topography and the plant communities that seem to have 
taken place, especially since the studies by ‘fillspaugh and Bowman. A few 
of the Marquesas and Tortugas keys have changed a great deal. The strand 
areas on a number of islands seem to be increasing at the expense of the 
mangrove swamps, asaresult of accretion of sand. The mangrove swamps have 
spread over wide areas in some instances and seem to be aiding in building 
up the islands. ‘fost of the constructional processes are, however, due to 
maritime factors such as the ocean currents and tides. 

No two islands have identical plant communities. [In general, the is- 
lands near Key West are entirely or mostly covered by mangrove swamps, and 
the sand areas increase westward until at the Tortugas Keys the vegetation 
of the islands consists almost altogether of strand plant communities, only 
a few mangroves and salt-marsh plants occurring around ponds and on a low 
island nearly awash at high tide. 

The maps accompanying this report are drawn from field surveys made dur- 
ing 1940. They are in a number of instances quite different from those 
published by the U. S. Coast and Geodetic Survey, by Millspaugh, and by 
Bowman. Until more exact surveys can be made, these maps may be consid- 
ered fairly accurate, and they show some important changes in recent. years. 

These islands should prove appropriate for a long-term study of insular 
changes, both topographic and vegetational. The present investigation adds 
to the information given by Bowman and Millspaugh and, it is hoped, will 
contribute to future studies. 

This paper is also a part of a series of studies of the plant ecology of 
Southern Florida. This and the author's study of mangrove vegetation to- 


gether describe most of the coastal and insular vegetation of that region. 
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Fic. 1. Mangrove swamps cover many of the tide-inundated parts of the islands. Here 
on Man Key the odlite limestone shows at low tide in a lagoon. 
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Fic. 2. The dune plateau is covered by a grass and herb vegetation, inland from which 
buttonwoods and mangroves grow on lower soils. 
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Fic. 1. Tournefortia, a sea lavender, is common along the edge of the dune terrace. It 
blooms in February. 


Fic. 2. Large areas in the interior of Boca Grande Key are an odlite limestone plain. On 
the higher parts of the plain are scrubby hammock forests, shown in the distance. a 
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Fic. 1. The orchid Epidendrum tampense Fic. 2. The century plant, Agave ameri- 

blooms in the rock and strand hammocks in cana, has spread over many areas on Logger- 
July. head Key. 
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Fic. 3. The prickly-pear cactus, Opuntia Dilleni, is replacing Suriana on many of the drier 
parts of the Tortugas Keys. 
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Fic.1. Date palms (Phoenix) on the parade ground of old Fort Jefferson, on Garden 
Key, bear ripe fruit because the climate is dry. A never completed powder magazine and 
some of the casemates of the fort are shown. 
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Here the sea oats, Uniola (tall, plumelike), the sea rocket, Cakile (in bloom), and the bay 
cedar, Suriana, and Tournefortia (in background) all grow together. 
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CarnEcIE Inst. WASHINGTON Pus. 524, Paper VI — Davis PLATE 7 


Fic. 1. Typical Sesuvium consocies, in foreground, on Bush Key. Thousands of terns 
nest here, and bare areas are left from this summer nesting. 
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Fic. 2. Some of the survivors of planted red mangrove, R/izophora, seedlings in the 
shallow waters near Long Key. These are 3 years old and are now so firmly rooted that 
they will probably survive all but severe storms and aid in enlarging the island. 
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